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Effect of Sub-Lethal Doses of Toxicants on Susceptibility 
of Insects to Insecticides 
Ramon L, Bearp, The Connecticut Agricultural Experiment Station, New Haven 


A knowledge of the susceptibility to 
insecticides of insects which have sur- 
vived one insecticidal treatment might 
shed some light on the phenomenon of 


resistance to insecticides, on the question - 


of joint action of insecticides, and on 
practical control operations involving 
repeated applications of insecticides. 
Observations contributing to this 
knowledge are rather scattered and have 
been made from different points of view. 
Quayle (1922) found that individuals 
of the citrus red scale surviving one fumi- 
gation with hydrocyanic acid were more 
resistant to a second fumigation than 
individuals not previously treated. Gray 
& Kirkpatrick (1929) presented evidence 
for this phenomenon, which they termed 
“protective stupefaction,” in both the 
red and black citrus scale. On the other 
hand, Moore (1933) found that exposure 
of the citrus red scale to low concentra- 
tions of hydrocyanic acid before fumiga- 
tion might reduce the kill in some cases, 
but in other cases the pretreatment had 
no effect or even increased the final kill. 
Campbell (1926) found that individual 
silkworms, receiving a number of sub- 
lethal doses of neutral sodium arsenate 
solution administered by mouth during 
their larval development, did not acquire 
a tolerance for arsenic. Moreover the early 
sublethal doses were apparently elimi- 
nated as there was little evidence of cumu- 
lative action. Conditions resembling “‘pro- 
tective stupefaction’’ were reported by 
McGovran et al. (1939) who noted a 
temporary resistance to pyrethrins in 
houseflies that had received a knock-down 
dose of ether, acetone, or kerosene-pyre- 
thrin spray befere being exposed to a 
higher killing dose of pyrethrins, and by 
Kono (1949) who reported that prefumi- 
gation of the rice weevil with low doses 
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of carbon disulfide decreased suscepti- 
bility to this chemical. Lindquist e¢ al. 
(1947) observed that certain pyrethrum 
synergists were still effective as synergists 
if they were administered separately from 
pyrethrum in point of time, provided the 
synergists preceded the pyrethrum. In 
other words, house flies pretreated with 
the synergists were more susceptible to 
pyrethrum than flies not so pretreated. 
Hoffman et al. (1951) reported that house 
flies surviving six exposures during a 3- 
day period to surfaces treated with DDT 
were killed much more easily than un- 
exposed flies when subsequently exposed 
to a higher dosage of DDT, suggesting 
that DDT or a toxic by-product accumu- 
lated in the flies. Turner (1951) presented 
data indicating that milkweed bugs pre- 
treated with nicotine were somewhat more 
susceptible to pyrethrum than bugs not 
pretreated, whereas bugs pretreated with 
pyrethrum were somewhat less susceptible 
to nicotine than bugs not pretreated. 

At the outset it might appear that 
techniques for studying susceptibility to 
insecticides as modified by pretreatment 
would be simple and _ straightforward. 
In practice, however, they are not, per- 
haps chiefly (1) because group response 
must be used as a criterion for the sum of 
the individual responses which are ex- 
tremely variable, (2) because, for purely 
practical reasons, large populations cannot 
be tested easily, and (3) because diffi- 
culties are encountered in distinguishing 
between effects of the initial treatment 
and the final treatment. In view of these 
considerations it is possible that some of 
the observations reported above would 
be subject to different interpretations if 
more information were available. 

In the present study, after several 
experimental designs were tried and dis- 
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carded, emphasis was placed on the in- 
jection of insects, in a laboratory popula- 
tion, with a single concentration of a given 
toxicant and a week later re-treating the 
survivors with a dosage-series of the same 
or different toxicant, comparing the re- 
sponse with that of a similar population 
not having received the initial chemical 
treatment. Four insecticides—nicotine, 
DDT, pyrethrum, and arsenic—were 
used on two insects—larvae of the wax 
moth, Galleria mellonella (L.), and adults 
of the large milkweed bug, Oncopeltus 
fasciatus (Dall.). The nicotine was in the 
form of the free base dissolved in water. 
The DDT was pure p,p’ DDT dissolved 
in olive oil. The pyrethrum was in a 20 
per cent extract dissolved in olive oil. 
Arsenic was in the form of sodium metar- 
senite, dissolved in water. In all treat- 
ments, each insect received approximately 
1 microliter of the test solution by injec- 
tion—into the body cavity in the case of 
the milkweed bug, and into the esophagus 
in the case of the wax moth larvae. At 
the time of the initial treatment: the con- 
trol insects were injected with distilled 
water to parallel the nicotine- or arsenic- 
injected insects, or with olive oil to paral- 
lel the DDT- or pyrethrum-injected in- 
sects. Tests in which there was appreciable 
mortality among the check insects were 
discarded. 

An effort was made to use the LD 50 for 
the initial treatment (Beard 1949 a) but, 
as is well known, biological variation is 
such that the LD5o, calculated from a 
series of tests, does not necessarily kill 
just 50 per cent in all test populations. 
More will be said below about the degree 
of selective pressure (severity of initial 
treatment) and its effect on the response 
to the secondary treatment, but in this 
series of tests, out of the 80 tests con- 


Table 1.—Susceptibility of Oncopeltus adults 
receiving primary treatment compared with bugs 
not receiving primary treatment. 








SECONDARY TREATMENT 








PRIMARY 

Treatment Nicotine DDT Pyrethrum Arsenic 
Nicotine ” ° “ * 
DDT > > ° ” 
Pyrethrum ? : <? . 
Arsenic " ~ - 2 





* Susceptibility of chemically-selected insects equal to that of 
the non-selected insects. 

>(<) Susceptibility of chemically-selected insects greater 
than (less than) that of the non-selected insects. 
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sidered, in 67 the response to the initial 
treatment was between the 30 per cent 
and the 70 per cent levels. 

Evaluations of the initial treatment 
were made 1 week later, just prior to the 
administration of the second treatment. 
Evaluations of the secondary treatment 
and of other tests reported below were 
made three days after treatment. The 
criteria used for evaluations were on the 
basis of the following scoring system: 


0-insect apparently unaffected by test chemical 

1-insect visibly affected by test chemical, but not 
to the point of preventing its reaching food and 
water, if requir d 

2-insect incapacitated, but showing some activity 

3-insect dead beyond question 


A maximum score would be 3n, where n is 
the number of test insects, and the test 
score was calculated in terms of percent- 
age of this maximum. This scoring system 
has the advantage over mortality alone 
in that it takes into account some of the 
sublethal effects of the chemical, and also 
the time of evaluation after testing is less 
critical chiefly because the scoring antici- 
pates the end result (Beard 1949 b). This 
is because those scored 1 tend to recover, 
and those scored 2 tend to die. 

If the initial treatment had no effect 
on the response to the second treatment, 
and if the survivors did truly represent 
the more resistant individuals of the origi- 
nal population, a more homogeneous 
population, less susceptible to the toxicant 
than the control population, should be 
evident. The results, however, show 
neither a more homogenous population 
nor a more resistant group. The results! 
of the tests on Oncopeltus adults are sum- 
marized in table 1, with the susceptibility 
of the chemically-selected bugs expressed 
in terms of the non-selected population. 
In almost all cases, the selected popula- 
tions and the control populations were 
equally susceptible. The exceptions are 
that bugs surviving DDT were more 
susceptible than the controls to nicotine 
and DDT, and bugs surviving pyrethrum 


1 The results are based on two or more tests conducted simi- 
larly, but at different times. In each test an attempt was made 
to apply the initial treatment to sufficient insects to provide 1v0 
or more survivors, free from obvious toxic symptoms, for the 
second treatment. Excessive mortality, either among the chem- 
ically-treated insects or the solvent-treated insects, and in the 
case of Gulleria larvae, excessive pupation occasionally reduced 
this number. In the secondary treatment, from 15 to 20 indi- 
viduals were usually used for each dosage, five do s being 
administered. It did not appear that refined s(«tistical analysis 
of all the data would yield much information ust apparent by 
inspection of the curves plotted on logarithmic-probavility 
paper, but where applicable, the rapid approximate statistical 
procedures of Wilcoxon (1949) were used. 
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Table 2.—Susceptibility of Galleria larvae re- 
ceiving primary treatment compared with larvae 
not receiving primary greatment. 
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PRIMARY 

TREATMENT Nicotine DDT Pyrethrum Arsenic 
Nicotine > = ? £3 
DDT a > > - 
Pyrethrum > > > > 
Arsenic = > > ° 





were possibly less susceptible to pyre- 
thrum, but this difference barely reaches 
the 5 per cent level of significance. 

On the same basis, the data for Galleria 
larvae are given in table 2. These data 
indicate that in most of the tests, the 
chemically-selected larvae were more 
susceptible to the second treatment than 
were the larvae of the control population, 
and in no case were they less susceptible. 
This conclusion requires modification, 
because it was observed that the larvae 
while under the influence of the first 
treatment did not grow so rapidly as did 
the control larvae. Consequently, if at 
the time of the second treatment the dose 
per unit body weight is considered, the 
selected larvae actually received a higher 
dose of the toxicant than did the control 
larvae. If then, the dosage is calculated 
on the basis of the body weight of the 
larvae, a somewhat different picture is 
seen as in table 3. But even with this 
adjustment, in no case does the chemical- 


Table 3.—Susceptibility of Galleria larvae re- 
ceiving primary treatment compared with larvae 
not receiving primary treatment 

(Dosage on basis of body weight) 








SECONDARY TREATMENT 








PRIMARY 
TREATMENT Nicotine DDT Pyrethrum Arsenic 
Nicotine = = = >? 
DDT = > > > 
Pyrethrum = = a = 
Arsenic = = > = 





ly-selected population appear to be more 
resistant than the control population. 
Another consideration is the degree of 
selective pressure exerted by the initial 
injection. As was mentioned in the above 
tests, the LD5o was the dose usually used 
in the primary treatment. In another 
series of tests, four doses of pyrethrum 
were injected into four large groups of 
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milkweed bugs, resulting in mortalities? 
of 8, 52, 79, and 93 per cent. The surviving 
populations, namely, the 92, 48, 21, and 
7 per cent in terms of the original popu- 
lations, were injected with a dosage series 
of nicotine, and their responses were 
compared with populations similarly 
treated with nicotine, but not receiving 
the original pyrethrum. In all four com- 
parisons, the bugs surviving the pvyre- 
thrum treatment were equal to non- 
selected bugs in their susceptibility to 
nicotine. Consequently, for this particu- 
lar combination of toxicants, the degree 
of selective pressure was unimportant in 
terms of response to the secondary treat- 
ment. 

In none of the above tests was the slope 
of the dosage-response curve of the 
selected populations steeper than that of 
the unselected insects. In other words, 
there was no less variation among the 
individuals surviving one treatment than 
among those exposed to the chemical for 
the first time. In fact, in a few of the 
tests, the slope was flatter for the selected 
populations, indicating a less homogene- 
ous group. 

Clearly then, if we are dealing with the 
more resistant individuals of the original 
population, this fact is obscured by the 
carry-over effect of the primary treat- 
ment. To consider this possibility further, 
one group of each insect was treated with 
a dose of each of the four insecticides. 
Other groups were treated twice with one- 
half of this dose each time, and with 
various intervals between treatment. 
The second treatment was made on the 
first, second, or fourth day after the first. 
In other words, four groups received the 
same total dosage, but three of the groups 
received this in two portions, spaced with 
different time intervals. With this experi- 
mental design, one would expect additive 
effects to be indicated by equal responses 
in all groups receiving the same total 
dose. Elimination or detoxification should 
be indicated by reduced mortality with 
increase in the time interval between 
administrations. Sensitization should be 
indicated by excessive mortality resulting 
from the second injection. 

The results of this test on Oncopeltus 
are expressed in table 4 in per cent mor- 
tality, representing the average of three 
replicates. 


2 Corrected for natural mortality by Abbott’s formula, 
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Table 4.—Mortality of Oncopeltus adults re- 
sulting from administration of toxicants in le 
and double dosage units with different times in- 
tervening. 








x 2x xx x-x Xx-—x 





Nicotine (%) 25 33 $87 @ 44 


DDT (%) 83 91 96 95 87 
Pyrethrum (%) 56 94 98 89 85 
Arsenic (%) 42 90 52 49 $2 





x=unit dose. 
2x =two unit doses applied at one time. 
xx =two unit doses applied on —_e days. 
x-x =two unit doses applied bs one day intervening 
x—x =two unit doses applied with three 8 nee 


These results indicate that the dosages 
of nicotine were additive, although the 
responses were variable. Sensitization is 
suggested as a possibility with DDT and 
pyrethrum when the doses were adminis- 
tered on successive days, but some elimi- 
nation is suggested after several days, 
particularly with pyrethrum. The varia- 
tion among replicates is great enough, 
however, to indicate that the DDT elimi- 
nation is not significant. Arsenic, however, 
is definitely eliminated or detoxified, as 
the mortality is consistently reduced as 
the time between administrations is in- 
creased. In fact, the low figure for those 
bugs treated four days apart even sug- 
gests some induction of tolerance. 

The data for Galleria iarvae, shown in 
table 5, point to similar conclusions ex- 
cept that nicotine as well as arsenic ap- 
pears to be eliminated or detoxified, but 
tolerance is not induced. 


Table 5.—Mortality of Galleria larvae resulting 
from administration of toxicants in single and 
double dosage units with different times inter- 
vening. 











x 2x xx xX-X Xx-—x 
Nicotine (%) 25 56 33 82 34 
DDT (%) 23 43 76 70 53 
Pyrethrum (%) 24 68 76 78 60 
Arsenic (%) 23 86 19 82 24 





A conflict becomes apparent in the data 
derived from the two techniques discussed 
above. The one technique clearly demon- 
strates that arsenic is eliminated by both 
insects, that nicotine appears to be elimi- 
nated by Galleria larva, and there is 
some suggestion that pyrethrum, and to 
a lesser extent, DDT, are eliminated after 
a longer period of time. On the other 
hand, the insects surviving one treatment, 
when given a second treatment in a dosage 
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series one week later respond essentially 
in the same way as insects not receiving 
the primary treatment. There are no well- 
defined differences among chemicals or 
combinations of chemicals in this respect. 
One certainly would expect to note a 
change in group response when arsenic 
is administered in the primary treatnient, 
as this is so obviously eliminated or de- 
toxified by insects surviving the selective 
dose, in so far as can be judged by the 
technique employed. It must be concluded 
then that the techniques are not measur- 
ing the responses it is thought they are 
measuring, or the test populations are 
not responding in the manner in which it 
is thought they should respond. The latter 
seems the more likely in view of the facts 
that no well-defined differences are 
demonstrated between selected and un- 
selected insect groups, regardless of chemi- 
cals (except where carry-over (additive 
dosage) effects are apparent) and that in 
the one series of tests made, the degree of 
selective pressure was unimportant. 
After exposure to chemicals killing a 
portion of the population, the surviving 
individuals seem to regroup themselves 
into a distribution of susceptibilities, as 
measured by the dosage-response curve, 
which is essentially the same as the origi- 
nal population, or at least no more homo- 
geneous nor more resistant. This would 
imply a relative stability of the group 
response, but an instability of the indi- 
vidual response. It indicates that some 
individuals resistant to one treatment 
are susceptible to a second, but not neces- 
sarily in accordance with additive effects. 
It becomes important to know if the vari- 
ation among individuals in a group is 
static or dynamic. In other words, does 
an individual always occupy the same 
position of susceptibility relative to the 
rest of the population of which it is a 
member, or do the individuals shift their 
relative positions at different times? This 
cannot be tested if mortality is the cri- 
terion of response, for the dead cannot 
be brought to life for a second test. But 
it can be tested using stupefacients and 
recovery time. Broadbent & Bliss (1936) 
used this technique and concluded from 
group response that the variation was 
presumably static, but they did not note 
the individual responses in terms of the 
individual. This concept was tested by 
exposing groups of insects to non-lethal 
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paralysants, noting recovery time of 
identified individuals. This was repeated 
to see if the sequence of recovery was the 
same, that is, if those individuals re- 
covering rapidly would consistently be the 
first to recover and if those recovering 
slowly would consistently be the last to 
recover. Tests with Oncopeltus adults, 
Galleria larva, and Habrobracon (= Micro- 
bracon) adults, using carbon dioxide, nico- 
tine, and cyanide, all showed the same 
thing—namely, that the sequence was 
different in every test. As a typical exam- 
ple of the data obtained, figure 1 illus- 
trates the sequence of recovery of Onco- 
peltus adults, each injected with approxi- 
mately one microliter of a 0.05 per cent 
aqueous solution of nicotine on each of 
three successive days. This dosage para- 
lyzed most of the bugs for periods of from 
a few minutes to a few hours, but per- 
mitted almost complete recovery. Al- 
though three individuals (not illustrated 


Sequence of insects recovering 
( «——Increasing time) 


Fic. 1.—Chart showing sequence of individual milk- 
weed bugs recovering from nicotine paralysis in three 
tests. Each small circle represents an insect, and the 
lines connect circles representing the same individual 
in the three tests. Circles marked “N P” include 
those individuals which were not paralyzed by the 
dosage administered. “D’ =died. If the individual 
variation was strictly static, all lines would be hori- 
zontal and parallel. 
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in the figure) were not paralyzed by any 
of the three injections, others not para- 
lyzed in one test or another, were not 
necessarily the first ones to recover when 
they were paralyzed in the other tests. 
And it will be noted that the two individ- 
uals which died during the test period 
were not necessarily those which were 
slow to recover in the preceding test. In 
general, the sequence of recovery appeared 
to be quite independent in each test. If 
such dynamic variation exists when 
measured by recovery time, it is not un- 
reasonable to assume that it exists when 
mortality is the end point observed. Cer- 
tainly such an assumption can readily 
explain the redistribution of insects sur- 
viving one treatment in their suscepti- 
bility to a second treatment. 
Discussion.—In brief reference to the 
relationship of these results to earlier 
work, it should be pointed out that the 
“protective stupefaction” reported by 
several workers mentioned above is not 
the same phenomenon as the induction 
of tolerance which might be encountered 
with techniques used in the current stud- 
ies. Stupefaction induced by HCN and 
knock-down by pyrethrum were “pro- 
tective” against prompt application of 
higher doses (or continued administra- 
tion) of the toxicants, and not when ap- 
preciable periods of time intervened be- 
tween the selecting dose and the final 
treatment. The absence of mithridation 
in the silkworm, noted by Campbell 
(1926), is not denied, but induction of 
tolerance to arsenic is at least suggested 
by the above data which indicate that 
two units of arsenic, applied 4 days apart, 
killed no more milkweed bugs nor wax 
moth larvae than a single unit. The ob- 
served data showing cumulative effects 
of DDT are in line with those of Hoffman 
et al. (1951). The data on the response to 
pyrethrum following nicotine treatment 
do not confirm Turner’s (1951) data, but 
this may be due to the fact that a greater 
time interval separated the two treat- 
ments. However, Turner’s data can be 
interpreted another way than that the 
nicotine “conditions” the milkweed bug 
for a higher mortality from pyrethrum. 
In his tests the pyrethrum was apparently 
applied before the full effect of the nico- 
tine was expressed. Thus some bugs might 
have succumbed from nicotine, but their 
death was attributed to pyrethrum. 
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The contribution of this study to the 
problem of joint action is largely negative 
in the sense that it points up problems 
without clarifying them. It is obvious 
that it is not easy to differentiate and 
evaluate the effects of the respective 
chemicals even when they are adminis- 
tered a week apart. A striking example of 
what can happen is seen in tests in which 
nicotine was applied in dosage series to 
milkweed bugs surviving DDT treat- 
ment. At the higher dosages, mortality 
due to nicotine was evident. At lower 
dosages many insects showed character- 
istic symptoms, not of nicotine, but of 
DDT poisoning. Evidently DDT was 
retained in the body tissues so that its 
toxic effect was not expressed until re- 
leased by the nicotine. This conclusion 
may not be compatible with the observa- 
tions of Ferguson & Kearns (1949), but 
the only other explanation is that the 
DDT effect was delayed several days 
beyond the usual time for DDT symp- 
toms to appear, and this seems unlikely. 
It is becoming increasingly evident that 
physiologic studies of joint action should 
be made and that statistics alone should 
not be relied upon to explain the actions 
of insecticides when applied in combi- 
nation. This emphasizes the plea to this 
effect made by Hewlett & Plackett (1950). 
In any case the concept of dynamic 
variation in individuals complicates rather 
than simplifies interpretations, and, if 
found to be generally true, renders par- 
ticularly difficult the application of the 
hypothesis of Plackett & Hewlett (1948). 

The contribution of this study to an 
understanding of the phenomenon of 
insect resistance to insecticides has al- 
ready been communicated (Beard 1952). 
Briefly, the concept of dynamic variation 
in individuals throws open to question 
the technique of selecting individuals for 
breeding on the basis of the dosage- 
mortality curve and the belief that indi- 
viduals surviving chemical treatment are 
genotypically the most resistant. These 
studies point to distributions, probably 
mutually independent, of three variations: 
(1) variation in response by the individual 
insect (dynamic variation), (2) variation 
in response by individuals about the group 
mean at a particular time (expressed by 
the slope of the dosage response curve), 
and (3) variation of the means of test 
groups (considering the entire population 
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of the species at all times), which is mani- 
fested by the different responses found 
from time to time, from place to place, 
and under different conditions. Recogni- 
tion of these three types of variation may 
clarify situations which now appear in 
conflict, particularly if the physiologic 
and ecologic factors contributing to each 
can be identified. 

Although direct application to practical 
control operations of the principles indi- 
cated here is not warranted, the data at 
least suggest that single large applica- 
tions of nicotine and arsenic might be 
more effective than repeated applications 
involving small dosages. On the other 
hand, repeated dosages of DDT and 
pyrethrum might be more effective than 
a single massive dose because of their 
“sensitizing” action. This latter condition, 
however, is one which is most favorable 
for the development of resistance to in- 
secticides because the survivors would 
represent the individuals which were 
consistently resistant and hence most 
likely to be those genotypically resistant. 
From a practical standpoint this may 
prove to be far more significant than the 
temporary expedient of getting the maxi- 
mum kill in a control program. 

SummMary.—The susceptibility of in- 
sects surviving insecticidal treatment was 
tested by treating laboratory populations 
of insects with a single dose (ca. LD50) 
of a toxicant and one week later testing 
the survivors with a dosage series of the 
same or different toxicant. Nicotine, 
arsenic, DDT, and pyrethrum were tested 
in adults of the large milkweed bug and 
larvae of the greater wax moth. It was 
found that the survivors, instead of being 
more resistant and less variable in sus- 
ceptibility than untreated insects, as ex- 
pected, were equal in susceptibility and 
variability, or in several cases, even more 
susceptible and more variable. 

The degree of selective pressure of 
pyrethrum had no effect on the suscepti- 
bility to nicotine. In other words, insects 
surviving heavy doses of pyrethrum were 
no more resistent to nicotine, in compari- 
son with untreated controls, than insects 
surviving light doses of pyrethrum. 

As tested by administering two unit 
doses at different times in comparison 
with two unit doses administered at the 
same time, arsenic appeared to be elimi- 
nated by both Oncopeltus adults and 
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Galleria larvae; nicotine appeared to be 
eliminated by Galleria larvae; but was 
additive in Oncopeltus; both DDT and 
pyrethrum showed some sensitizing ac- 
tivity, and in general were more additive. 

The pattern of susceptibility of chemi- 
cally-selected insects being essentially the 
same as that of unselected insects, even 
in the absence of additive effects, suggests 
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Dynamic variation was further demon- 
strated when recovery time was used as 
the criterion for effectiveness of stupe- 
facients (carbon dioxide, nicotine, cya- 
nide). 

Dynamic variation could help explain 
some conflicting concepts in the problem 
of development of resistance to insecti- 
cides and helps to explain the conditions 


a dynamic type of variation among indi- under which resistance might develop. 


viduals. 
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Relation of Absorption and Metabolism of Octamethylpyro- 
phosphoramide by Pea Plants to Available Phosphorus'? 


J. E. Castpa, R. K. Cuapman and T. C. ALLEN, 
Department of Entomology, University of Wisconsin, Madison 


Development of chemicals possessing 
systemic insecticidal properties has pro- 
gressed rapidly since the pioneer work of 
Schrader (1947) on toxic organo-phos- 
phates. The most widely recognized of 
these compounds is octamethylpyrophos- 
phoramide. Large scale use of this material 
for insect control has necessarily been 
limited due to insufficient knowledge of 
its mode of toxic action to insects, mam- 
mals, and plants. 

Adequate reviews are available on the 
selective toxicity and biological relation- 
ships (Martin 1949; Ripper et al. 1949, 
1951), chemistry (Ripper et al. 1950; 
Hartley & Heath 1951; Hartley et al. 
1951), and the composition and analysis 
(Hartley et al. 1951; Hall et al. 1951; 
David et al. 1951) of octamethylpyro- 
phosphoramide (OMPA). OMPA is fairly 
stable in neutral or alkaline solutions but 
is hydrolyzed rapidly in acid to yield 
orthophosphate and dimethylamine. The 
insecticidal activity of OMPA is low until 
metabolic “activation” of the chemical 
occurs (Metcalf & March 1949; DuBois 
et al. 1950). The ability of plants to acti- 
vate OMPA has been disputed (Zeid & 
Cutkomp 1951). More conclusive evidence 
has been presented on the ability of liver 
slices to convert OMPA to a more toxic 
metabolite (DuBois et al. 1950; Gardiner 
& Kilby 1950). Neither the chemical 
nature nor the origin of this active meta- 
bolite, an effective cholinesterase inhibi- 
tor, is known. 

The investigation reported here con- 
cerns the relation of available phosphorus 
to the absorption and metabolism of 
octamethylpyrophosphoramide by pea 
plants. The practical value of OMPA on 
peas has been clearly demonstrated (Dav- 
ich & Apple 1951; Bronson & Dudley 
1951). The amount of available phos- 
phorus has been considered as a possible 
factor affecting the absorption or meta- 
bolic breakdown of this insecticide by 
plants inasmuch as orthophosphate is a 
definitive hydrolytic product of OMPA, 
and it is also metabolically active in many 
plant processes. 


Assay Mernops.—Three assay meth- 
ods have been used in studying pea plants 
treated systemically with OMPA: 1) 
direct chemical determination of unmetab- 
olized OMPA in the plant, 2) evaluation 
of the activated compound present by 
the ability to inhibit cholinesterase en- 
zyme, and 3) bioassay of the toxicity of 
the plants utilizing pea aphids. Treated 
plants were compared by the three meth- 
ods to determine the extent to which an 
experimental variable affected each of 
these end points. 

Chemical Analysis.—Chemical analysis 
for OMPA present in plants was made by 
an adaptation of the procedure of Ripper 
et al. (1950). The following procedure 
proved satisfactory for analyzing samples 
of one or a few plants for octamethyl- 
pyrophosphoramide content. 

From 0.4 to 4.0 gm. wet weight of fresh 
plant tissue were macerated using a War- 
ing blendor or a mortar and pestle with 
white sand; the resulting brei was then 
diluted with water and strained. The fil- 
trate was made N/10 in sodium hydroxide, 
diluted to 20.0 ml. and then maintained 
at 80° C. for 30 minutes, cooled, strained 
and extracted with 30.0 ml. chloroform 
(U.S.P.). The chloroform extract was 
then clarified by centrifugation and 20.0 
ml. of it transferred to a 1 by 8 inch 
pyrex digestion tube. After adding several 
glass beads, the chloroform was evapo- 
rated to about 2 ml. residue; 2.0 ml. per- 
chloric acid (C.P.—60 per cent) was 
added, and the tube heated with a micro- 
burner until about 0.2 ml. per chloric 
acid remained. Phosphorus was deter- 
mined in the form of reduced phospho- 
molybdate by absorbance at 840 my 20 
minutes after 10.0 ml. of molybdate solu- 
tion and 2.0 ml. of amidol reducing agent 
(Allen 1940) were added to the tube. 
The phosphorus content multiplied by 
the factor 7.87 gave the OMPA content 
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of the original plant material. Concentra- 
tion was expressed as mgm. OMPA per 
gm. dry weight, the per cent dry weight 
of the plants having been determined 
from a comparable sample of plant ma- 
terial. 

The method determines those phos- 
phorus compounds that partition into 
chloroform following aqueous alkaline 
hydrolysis in N/10 NaOH for 30 minutes 
at 80° C. No interference from naturally 
occurring phosphorus compounds was en- 
countered in any of the analyses. The 
factor 7.87 is based on the partitioning 
data of Ripper et al. (1950) and corrects 
for aliquot size, partition coefficient and 
molecular weight difference between 
OMPA and phosphorus. Of the impurities 
present in technical grade OMPA, only 
triphosphoric penta(dimethylamide) is of 
sufficient alkaline stability to interfere in 
the above analysis (Hartley et al. 1951), 
and since this chemical possesses systemic 
insecticidal properties similar to OMPA, 
a further chemical differentiation was not 
made. Because of the alkaline instability 
of OMPA metabolities, this analysis 
would essentially be a determination of 
the reservoir insecticide in the plant avail- 
able for metabolism into a more toxic 
derivative as discussed later. Analysis 
was made on fresh plants to avoid danger 
of insecticide loss on drying, but was 
expressed on a dry weight basis for greater 
uniformity. Twenty separate analyses 
from the same plant homogenate gave a 
precision for the method of 9.7 parts per 
thousand. The insecticide used! analyzed 
as 73.2 per cent pure by the described 
procedure. 

Anticholinesterase determination and for- 
mation of ChE inhibitor.—Cholinesterase 
(ChE) activity was measured manometri- 
cally according to the method described 
by DuBois et al. (1950) with rat brain 
homogenates as the enzyme source (25 
mgm. wet weight of tissue in 2 ml. total 
liquid volume per flask). Comparisons 
were made on the basis of the total activ- 
ity over a one-hour period, at which time 
a linear realtionship existed between en- 
zyme concentration and per cent hydroly- 
sis of substrate. To determine the pres- 
ence of an anticholinesterase agent in 
peas, the tissue was macerated in Ringer 
bicarbonate buffer (2.5 gm. wet tissue in 
50 ml.) with a cold Waring blendor; 
the brei was then strained and 1.0 ml. 


of the filtrate added immediately to the 
Warburg flasks containing the other com- 
ponents of the ChE system in a liquid 
volume of 1.0 ml. Control determinations 
were made with similar homogenates 
from untreated plants but in no case did 
these alter the ChE activity significantly. 
The results of inhibitor studies are re- 
ported on a dry weight basis. This en- 
zyme assay method was also found of 
value in determining the presence of other 
anticholinesterase compounds in extracts 
from plant tissue by a procedure similar to 
that reported by Giang & Hall (1951). 
The metabolic “intoxification” of 
OMPA by plants has been a subject of 
controversy. DuBois e¢ al. (1950) found 
that 1 per cent homogenates of OMPA- 
treated lettuce inhibited ChE, and there- 
fore suggested that the plant converted 
OMPA to an anticholinesterase agent. 
Hall et al. (1951) found that chloroform 
extractives of treated bean plants showed 
a 700 X enhancement in anticholinesterase 
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Fic. 1.—Ability of OMPA to inhibit cholinesterase 

(ChE) before and after metabolism by pea plants. 

(Individual values of paired determinations indi- 
cated by brackets about treatment means.) 





effect over the insecticide prior to passage 
through the growing plant. Zeid & Cut- 
komp (1951), however, were unable to 
obtain evidence that the compound was 
made more toxic within the plant. In 
order to determine whether the anti- 
cholinesterase activity of OMPA was 
enhanced in pea re a comparison was 

1 Monsanto Chemical Compa: 

octamethylpyrophosphoramide e 70% 


related organic phosphates 20% 
inert ingredients 10% 
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made between homogenates of OMPA- 
treated plants and untreated plant 
homogenates with OMPA added. The 
amount of plant homogenate added to the 
assay system was constant throughout 
and chemical analysis for unmetabolized 
OMPA was used to determine the con- 
centration of OMPA present in each case. 
The result (Fig. 1) shows that the amount 
of “added” OMPA required to inhibit 
ChE 50 per cent was 18 times as much as 
was actually present in the sap of treated 
plants with the same inhibitory action. 
These results indicate the formation of a 
ChE inhibitor within pea plants more 
effective than OMPA per se. Further 
studies showed 18X as a near minimum 
figure for this discrepancy; much greater 
differences were obtained where the plants 
were in a more rapid state of growth. 
The curve on the right in figure 1 may be 
considered as essentially due to the formed 
inhibitor, and the logarithm of the inhibi- 
tor concentration bears a linear relation 
to the per cent ChE inhibition in the range 
between 10 and 40 per cent. From this 
relationship the per cent ChE inhibition 
by a plant homogenate was converted 
to the relative amount ChE inhibitor 
present. A similar relationship was used 
by DuBois et al. (1950) with OMPA 
metabolized by rat liver slices. 

Bioassay.—Pea aphid nymphs, Macro- 
siphum pisi (Kltb), were used for bio- 
assay of the systemically-treated plants. 
Twenty-five third or fourth instar 
nymphs, field-collected or greenhouse 
reared, were introduced into a lantern 
chimney containing the plants. The time 
after introduction required to kill 50 per 
cent of the aphids -was determined from 
time-mortality curves for each of the repli- 
cates. Although more sensitive than the 
other methods, the bioassay was also 
more variable. 

GENERAL EXPERIMENTAL PROCEDURE. 
—Octamethylpyrophosphoramide is the 
first phosphate insecticide available in 
large quantities that is both completely 
soluble and sufficiently stable in water 
for nutrient solution investigations. Stud- 
ies reported here with OMPA were made 
in soil, sand, and nutrient solution cul- 
tures. Nutrient solutions contained the 
following elements, concentrations being 
expressed as parts per million: P-165, 
K-208, N-134, Ca-163, Mg-49, S-65, Fe- 
15, Mn-0.5, B-0.5, Zn-0.4, Cu-0.1, and 
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Mo-0.1. The aerated solution cultures 
were maintained in 3-liter battery jars 
while the silica sand cultures were in 
pint cans. All solutions were adjusted 
initially to pH 6.5 and readjusted as 
necessary to maintain the solutions at 
pH 6.3-6.7. A standard stock of Perfec- 
tion variety peas was used. The young 
plants were transplanted into the nutri- 
ents when about 8 cm. tall after the cotyle- 
dons had been removed from the plants so 
that elemental deficiencies would appear 
more rapidly; similar results were ob- 
tained, however, when the cotyledons 
were present. The insecticide was applied 
7 days prior to analysis to allow time for 
absorption and metabolism of the OMPA. 
Five or six replicates were used per treat- 
ment. 

This general experimental procedure 
was modified for some of the studies. 
No added nutrients and no pH control 
were utilized in determining OMPA ab- 
sorption from various soil types. Three- 
liter nutrient solution cultures, both 
complete and phosphorus-deficient, were 
used in studying the phytotoxicity of 
OMPA and the absorption of OMPA from 
solution as a function of time and OMPA 
concentration. Phosphorus-level studies 
were made in silica sand cultures and a 
seven-day period for the plants to build 
up their phosphorus supply was allowed 
prior to introducing the insecticide. Silica 
sand cultures were also used for a study 
on the effect of varying insecticide con- 
centration on the toxicity of treated 
plants. The peas were systemically- 
treated by introducing the OMPA into 
the nutrient solution. With sand cultures 
25 ml. of an aqueous solution of OMPA 
was poured onto the surface of the sand 
while with the solution cultures the nu- 
trient was prepared with a known concen- 
tration of OMPA present. Modifications 
of this general plan peculiar to the partic- 
ular experiment are indicated with the 
experimental results. 

EXPERIMENTAL  Resuits.—Solution 
Concentration of OM PA.—As the nutrient 
solution concentration of OMPA is in- 
creased, the insecticide uptake, units ChE 
inhibitor formed, aphid kill and per cent 
dry weight of the plants vary as shown in 
figure 2. The most striking relation shown 
in the graph is the parallelism between 
the amount of insecticide present in the 
plant, the relative units of ChE inhibitor 
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Fic. 2.—Effect of concentration on absorption of 
OMPA by the roots and subsequent toxicity of 
OMPA-treated pea plants. 


present, and the per cent dry matter of 
the plants. This indicates that under these 
conditions the amount of OMPA ab- 
sorbed determines the amount of ChE 
inhibitor present. The rate of aphid kill 
increased with OMPA concentration to 
the point at which the per cent dry matter 
of the plants showed a marked rise. The 
aphids would not feed as readily on the 
stunted plants (with higher per cent dry 
matter). The bioassay method was most 
sensitive at the low insecticide concen- 
trations while the precision of the chemi- 
cal determination was greatest at inter- 
mediate, and of the anticholinesterase 
measurements at highest insecticide con- 
centration. Each assay method probably 
measures a_ different effect. Further 
studies utilized a 1 to 250 dilution as it 
allowed comparison of all three factors. 
Absorption and Metabolism.—The ease 
of absorption of OMPA by the plant roots 
may vary with soil type. The toxicity of 
systemically-treated plants on seven dif- 
ferent soil types was tested using aphid 
kill for comparisons. Each soil was near- 
ly saturated with water and_ identical 
amounts of OMPA added to the soil solu- 
tion phase. The results (‘Table 1) show 
that those plants in silica sand were the 
the most toxic, but the other sands did not 
differ significantly from the silica sand. On 


the other hand the plants on soils other 
than sand (with smaller particle size 
and higher content of organic matter) 
required a significantly longer time than 
those on sand for aphid kill. A tendency 
was also noted among the sandy soils for 
the sands of higher phosphorus content 
to require a longer time for aphid kill. 


Table 1.—Effect of soil type on aphid kill fol- 
lowing soil application of OMPA. 











AVAILABLE 
P Hrs. 50% 
Sor (Ibs./A.) Apuip Kitt 

Silica sand (control) trace 4.43 
Plainfield sand 60 5.25 
Greenhouse sand 90 5.40 
Miami silt loam 200 7.18 
Peat 180 8.12 
Parr silt loam 30 8.23 
Superior clay 80 8.27 
L.S.D.=1.64 

0.05 
L.S.D.=2.21 

0.01 





The uptake of OMPA in relation to 
phosphorus supply as a function of time 
is shown in figure 3. Plants were grown 
in solution cultures, either complete or 
phosphorus-deficient, for seven days, then 
OMPA was introduced into the solution 
to give a 100 p.p.m. concentration and the 
rate of uptake by the plant was chemically 
determined. A significantly greater up- 
take occurred from the phosphorus-defi- 
cient nutrients in three of the four time 
intervals (a possible sampling error may 
account for the lack of difference on the 
fourth day). 

The toxicity of plants exposed to 
OMPA for 7 days in both phosphorus- 
deficient or complete nutrients was deter- 
mined by bioassay. The data are not 
included here, but with the three insecti- 
cide concentrations utilized the phos- 
phorus-deficient plants were more toxic 
to aphids than those grown on complete 
nutrients, the greater difference occurring 
with the lower concentrations of OMPA. 
With one of these concentrations, seven 
other trials of complete versus phos- 
phorus-deficient nutrients were made in 
the greenhouse over a 6-month period. 
In all cases plants in a minus phosphorus 
nutrient were significantly more toxic than 
those in a complete nutrient. 

‘Lhe most complete experiment on phos- 
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Fic. 3.—Relative uptake of OMPA by pea plants 

from two types of nutrient solutions. (Brackets about 

treatment means indicate standard deviation of the 
treatment.) 


phorus level in relation to OMPA up- 
take is shown in table 2. As the phosphor- 
us in the nutrient solution increased, the 
phosphorus in the plant increased but the 
amount of absorbed OMPA decreased, 
as did the units of ChE inhibitor present. 
A corresponding increase in the time 
required for 50 per cent aphid kill was 
observed. That is, as the available phos- 
phorus in the solution increased, the 
systemic toxicity decreased as meas- 
ured by all three assay methods. This 
inhibition of the toxicity of OMPA by 
solution phosphorus might be caused by 
any or all of three general mechanisms: 
1) decreasing the ability of the plant to 
absorb OMPA through the roots, 2) de- 
creasing the rate of formation of the active 
metabolite from the OMPA “stockpile” 
within the plant, or 3) increasing the rate 
of the subsequent degradation of the 
active material. 

The first of these suggested mechanisms 
could be eliminated if the OMPA-phos- 
phorus interaction occurred with foliage 
application since no absorption through 
the roots would be involved. The nature 
or presence of an OMPA-phosphorus 
interaction with foliage application was 
determined by an experiment identical 
in design to that discussed above. A 
standard amount of OMPA was applied 
to the foliage by a settling mist procedure 
(Allen et al. 1943), the soil being covered 
with waxed paper. The plants gave es- 
sentially the same analyses for total phos- 
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Table 2.—Effect of available solution phos- 
phorus on OMPA absorption and toxicity. 
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Prant UnitsChE Hrs. 50% 
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Not. Sou. Plant (% (mgm./gm. (inhib./gm. Aparp 
(ppm.) dry wt.) ry wt.) dry wt.) Kitt 
0 0.78 4.14 4.20 4.82 
5 0.88 3.74 8.95 5.03 
40 1.17 3.43 $3.81 5.35 
320 1.83 1.90 3.18 6.78 
4 0.15 0.54 0.46 0.73 
05 
LS.D. 0.21 0.75 0.66 1.02 
-O1 





phorus as those shown in table 2. No 
significant differences in aphid kill and 
number of units of ChE inhibitor formed 
from a given amount of OMPA occurred 
between the four levels of phosphorus— 
the time of 50 per cent aphid kill averag- 
ing 6.74 hrs. and the ChE inhibition 
units averaging 0.63/gm. dry weight. 
The fact that no OMPA-phosphorus 
interaction occurred with foliage applica- 
tion fails to indicate that the rate of 
metabolism of OMPA in the leaves is 
the explanation of this interaction. 

The development of insecticidal activ- 
ity from OMPA applied directly to the 
seeds requires both translocation and 
metabolic activation. If phosphorus inhi- 
bition is effected through either of these 
processes, then seeds treated with the 
same amount of OMPA should utilize 
this given amount at different rates when 
grown on complete and on phosphorus- 
deficient nutrients. To test this hypothe- 
sis, seeds were soaked in OMPA solution, 
surface washed and introduced into com- 
plete or phosphorus-deficient nutrients 
in sand culture. Chemical analysis of 
seeds showed an initial average OMPA 
content of 2.64 mgm. per seed. After two 
and one-half and four weeks no differ- 
ence in aphid kill occurred between the 
two treatments—an over-all mean of 5.4 
hours being required for 50 per cent kill at 
2.5 weeks and 14.5 hours after 4 weeks. 
Analysis of the plants at the end of four 
weeks showed 0.015 mgm. OMPA residue 
in the cotyledons, and 0.093 mgm. in the 
rest of the plant. No significant differ- 
ences were found in the non-translocated 
OMPA in the cotyledons, the residual in 
the rest of the plant, or in the total 
amount present per plant between the 
complete and phosphorus-deficient nu- 
trients. The total phosphorus content of 
the plants as per cent dry weight at the 
end of the fourth week was: phosphorus 
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deficient nutrient—controls 0.48 per cent, 
treated 0.59 per cent; and complete 
nutrient—controls 1.14 per cent, treated 
1.25 per cent. Although the phosphorus 
level was twice as great in the plants on 
complete nutrient, no difference in rate 
of disappearance of OMPA and of the 
insecticidal properties from the plant 
could be detected. Since only transloca- 
tion and metabolic rates were involved 
and not absorption, this experiment fails 
to indicate that the phosphorus-OMPA 
interaction is due either to translocation 
or to metabolism rate for OMPA within 
the plant. This leaves an effect on the 
ability of the active root to absorb or 
metabolize OMPA as the most likely 
explanation of the OMPA-phosphorus 
interaction. 

The factors responsible for the interac- 
tion .between OMPA and _ phosphorus 
appear to be centered in the roots. The 
greater uptake of OMPA by plants on 
phosphorus-deficient nutrient than those 
on complete nutrient was also detected 
by determining residual OMPA in the 
nutrient solution. Analysis of the solutions 
used “in the experiment summarized in 
table 3 showed that a significantly greater 
amount of OMPA remained in the com- 
plete than in the phosphorus-deficient 
nutrients at 40 p.p.m. original OMPA 
after seven days of plant growth. Experi- 
ments were made to investigate whether 
the rate of uptake by the plant or the 
rate of breakdown outside the plant 
roots was the cause of this difference. 
Excised roots were incubated in the pres- 
ence or absence of orthophosphate with 
1X10 M. OMPA (2.00 gm. fresh roots 
per 50 ml. solution) in unbuffered solu- 
tions and in solutions buffered at pH 5.0 
and 7.0. Despite the relatively large 
amount of root tissue exposed and the 
small amount of OMPA present, the 
OMPA could be recovered almost com- 
pletely in unchanged form (98 to 102 per 
cent) from the various treatments at the 
end of a 16-hour incubation period at 
37° C. These experiments failed to indi- 
cate that extracellular root metabolism is 
the cause of the interaction. Determina- 
tion of the relative growth rates of roots 
on intact plants showed that those in 
in phosphorus-deficient nutrients grew 
less rapidly (dry wt. basis) than those in 
complete nutrients; this indicated a 
smaller total root surface available for 
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absorption with plants on phosphorus- 
deficient nutrients. Yet a greater OMPA- 
uptake occurred in the absence of phos- 
phorus. These investigations failed to 
show the metabolism of OMPA extra- 
cellular to the roots or the relative root 
surface available for absorption as the 
cause of the interaction. It is therefore 
proposed that the ability of phosphorus 
to inhibit the formation of toxicity in 
OMPA-treated peas is through an effect 
on active absorption or the actual process 
involved in penetration of OMPA into 
the roots. 

Phytotoxicity—OMPA is capable of 
either inhibiting or accelerating the rate 
of plant growth. When applied to peas 
at high concentration it causes an initial 
decrease in growth rate followed by the 
appearance of chlorotic spots and a margi- 
nal leaf chlorosis leading finally to necro- 
sis. With soil application to peas the 
injury first appears on the lower leaves 
and only in extreme cases will it produce 
visible injury in the terminal bud region. 
Phytotoxicity experiments were made 
with pea plants and various combinations 
of nitrogen and phosphorus deficiencies 
in 3-liter nutrients. No significant inter- 
actions were found between OMPA and 
the deficiencies. When used at 1000 p.p.m. 
of actual OMPA, the technical grade 
material (42 per cent OMPA) was signifi- 
cantly more phytotoxic (based on dry 
weight gain during growth) than a puri- 
fied sample (70 per cent OMPA) when 
analyzed over all the deficiency treat- 
ments; in a similar experiment with 200 
p.p.m. of purified OMPA a significant 
inhibition of plant growth did not occur 
over the nutrient deficiencies tested. As 
shown in figure 1, the per cent dry matter 
of OMPA-treated peas closely parallels 
the amount of unmetabolized OMPA 
present and the relative amount of anti- 
cholinesterase substances present. With 
these plants the total weight gain during 
growth decreased directly as the per cent 
dry matter increased. In several experi- 
ments it was noted that low concentra- 
tions of OMPA accelerated the growth 
(gain in total dry weight) of the plant 
and caused an increase in the moisture 
content over untreated plants. These 
general observations on the phytotoxi- 
city of OMPA indicate that the growth 
rate of the plant is determined by the 
amount of OMPA absorbed or by the 
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Table 3.—Effect of phosphorus on the phytotoxicity of OMPA to pea plants. 
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Ave. Dry Qo, StipuLes ~=—s RELATIVE 
WEIGHT Toran Pas at Bask or PuxHospHaTAsE 
NUTRIENT conc. OMPA PLANTS Per Cent TERMINAL ACTIVITY 
SOLUTION IN NUTRIENT (Gas.) Dry Wr. Bup or Tors 
Complete 0 ppm. 0.173 0.66 9.37 0.794 
(165 ppm. P) 40 ppm. 0.143 0.68 8.75 0.781 
200 ppm. 0.136 0.71 8.62 0.727 
1000 ppm. 0.092 0.81 9.02 0.595 
Phosphorus deficient 0 ppm. 0.153 0.26 9.28 1.000 
(0 ppm. P) 40 ppm. 0.142 0.30 8.03 0.902 
200 ppm. 0.107 0.33 8.44 0.788 
1000 ppm. 0.086 0.72 8.87 0.639 
LS.D. 0.023 0.15 0.42 0.066 
.05 
L.S.D. 0.032 0.21 0.56 0.091 
.01 








amount of “activated” material formed. 

The relation of phosphorus and OMPA 
to several aspects of the metabolism of pea 
plants was investigated. Data from one 
of these experiments appears in table 3. 
The peas were grown 14 days in the ap- 
propriate solution and then the dry 
weights, total phosphorus (Allen 1940), 
Qo., and relative leaf phosphatase activity 
were determined. The Qo, (ul O2 uptake 
/mgm. dr wegt./hr.) was determined 
on the eighth day with the stipules at the 
base of the terminal bud, none of this 
tissue showing visible signs of insecticide 
damage. Qo, determinations were made 
in a Warburg respirometer at 25° C. with 
six replicates per treatment. The oxygen 
consumption was less for phosphorus- 
deficient plants than for those on a com- 
plete nutrient. Further, the oxygen up- 
take was lowered in the OMPA-treated 
plants, with the ‘lower concentrations 
causing the greater deviation from the 
untreated. Yet OMPA as high as M/10 
failed to alter the Qo, of pea stem sections 
suspended in 0.02 M. glucose. The phos- 
phorus-deficient plants had a lower mois- 
ture content and less rapid foliage and 
root growth than those on complete 
nutrient. The physiological effects of 
UMPA on pea plants cannot be adequate- 
ly explained on the basis of the inorganic 
phosphorus available to the plant trom 
the breakdown of this organic pyrophos- 
phate. 

Phosphatase enzyme activity.—Since the 
activity of phosphatase enzymes is af- 
fected by certain phosphorus compounds, 
the relation of OMPA to this enzyme sys- 








tem was investigated. In preliminary 
studies with barley malt acid phosphatase 
it was found that tetraethyl pyrophos- 
phate was an effective inhibitor, but that 
its activity was lost on acid or alkaline 
hydrolysis. On the other hand OMPA 
was an ineffective inhibitor but after hy- 
drolysis in acid a high degree of inhibition 
occurred due to the liberation of ortho- 
phosphate which competitively inhibits 
many phosphatases. ‘lhe conditions for 
pea phosphatase activity were found to 
be optimal at pH 5.7 when tested with 
a p-nitrophenyl phosphate substrate in 
a M/40 ethylene diamine-citrate buffer. 
The p-nitrophenol liberated by the en- 
zyme was determined colorimetrically as 
the sodium salt at 400 muy. Interfering 
plant pigments were removed prior to 
analysis for phenol ions by an ether 
extraction from acidified solution, fol- 
lowed by an alkaline extraction of the 
ether to remove the p-nitrophenol, leaving 
the plant pigments in the ether fraction. 
The relative phosphatase activity shown 
in table 3 was determined from samples 
of the foliage which had been air-dried 
and finely ground, a treatment which 
may have destroyed the active OMPA 
metabolites. A higher phosphatase ac- 
tivity of plants grown in a phosphorus- 
deficient nutrient is evident. The decline 
in activity with increasing OMPA in the 
nutrient closely parallels the total phos- 
phorus content of the plants and thus 
might be due to OMPA, orthophosphate 
or other metabolites formed. 
Extracellular root phosphatase enzymes 
were also investigated in relation to 

























OMPA and phosphorus. The pH optimum 
of these enzymes for peas with M/100 
acetate buffer on p-nitrophenyl! phosphate 
substrate was found to be in the range of 
pH 3 to 5 with no sharp optimum, but 
with a rapid decline in activity in more 
alkaline solutions. Preliminary experi- 
ments showed that the decreasing ability 
of plants to absorb OMPA from solution 
as the phosphorus level increased was 
paralleled by a decrease in extracellular 
root phosphatase activity. A positive 
correlation between extracellular root 
phosphatase activity and OMPA break- 
down in solutions exposed to excised 
roots could not be demonstrated. When 
2.00 gm. samples of roots with high phos- 
phatase activity were incubated 16 hours 
at 37° C. with 1X10 M. OMPA, the 
OMPA could be almost entirely recovered 
in unchanged form (98 to 102 per cent) at 
the end of this incubation period. Simi- 
larly no metabolism of OMPA occurred 
with roots in which the presence of fluor- 
ide or orthophosphate had almost com- 
pletely inhibited these enzymes. It was 
found, however, that the extracellular 
root phosphatases were inhibited by 
1X10-* M. OMPA on prolonged incuba- 
tion ( 6 per cent in 30 minutes, 37 per cent 
after 16 hours), and that this inhibition 
was reversible by washing the roots in 
distilled water. This inhibition could not 
be explained by the effect of OMPA per 
se or the amount of free orthophosphate 
present. The reversal of the inhibition 
may be due to removing a competitive 
inhibitor or washing away the inhibited 
secreted enzyme. Even though no chemi- 
cal evidence was obtained for breakdown 
of OMPA by excised roots, it was found 
that extracellular root phosphatases are 
inhibited on prolonged incubation in the 
presence of OMPA. 

Discussion.—Octamethylpyrophos- 
phoramide is metabolized by plants, 
forming an active cholinesterase inhibitor 
before final breakdown to orthophosphate, 
dimethyl amine and other degradation 
products. Three factors may alter the 
toxicity of systemically-treated plants: 1) 
The ability of plant tissue to absorb and 
translocate the OMPA, 2) the rate of 
metabolic intoxification of the insecticide, 
and 3) the stability of the active meta- 
bolite within the plant. 

Absorption of OMPA from soil or solu- 
tion is altered by available orthophos- 
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phate, the systemic toxicity decreasing 
as the solution phosphorus is increased. 
With foliage or seed application this 
OMPA-phosphorus interaction does not 
occur with peas, indicating an effect on 
absorption by the roots. Experiments with 
isolated roots failed to show that extra- 
cellular OMPA metabolism could explain 
this interaction. Despite their lower 
growth rates and smaller total root sur- 
face, plants in low or phosphorus-deficient 
nutrients take up OMPA from solution 
at a greater rate than plants in high 
phosphorus nutrients. Only five parts per 
million of phosphorus in the nutrient is 
sufficient td reduce the OMPA taken up 
from solution. The primary effect of phos- 
phorus would therefore seem to be on ac- 
tive absorption of OMPA by the roots 
rather than on translocation or metab- 
olism of this compound or on the growth 
rate or relative root surface of the plants. 
A previous report of an essential element 
affecting absorption of a systemic insecti- 
cide was made by Hurd-Karrer (1937) 
with the effect of sulfur on selenium ab- 
sorption. 

The metabolism of OMPA may also 
be altered by phosphorus. The rate of 
disappearance of OMPA from peas follow- 
ing seed application was not affected. by 
phosphorus supply. The amount of ac- 
tive inhibitor formed from OMPA fol- 
lowing foliage application was also un- 
affected by phosphorus level in the plant. 
With plants of similar phosphorus con- 
tent exposed to varying solution concen- 
trations of insecticide (Fig. 1), a ciose 
parallel appeared between relative amount 
of cholinesterase (ChE) inhibitor and 
amount of insecticide present. On the 
other hand, the active ChE inhibitor 
present from a given amount of insecti- 
cide absorbed by the roots appears to be 
altered by phosphorus level (‘Table 2), 
a greater proportionate amount of inhibi- 
tor occurring in high phosphorus plants. 
Using the general experimental method 
of Gardiner & Kilby (1950) the effect of 
phosphorus on the ability of rat liver slices 
to form an active ChE inhibitor from 
OMPA was investigated. It was found 
that as the phosphorus concentration of 
the buffer was increased, the amount of 
active inhibitor present after incubation 
with the slices decreased. Phosphorus 
also inhibits the metabolism of the in- 
secticide nicotine by liver slices (Werle & 
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Uschold, 1948). Knowledge of the mode 
of action of phosphorus in the metabolic 
intoxification of OMPA and in the sub- 
sequent detoxification of the active metab- 
olite awaits further investigation on the 
chemical nature of this process. The above 
discussion indicates that the OMPA which 
occurs in the plant following absorption 
is present in sufficient amounts to serve 
as a reservoir from which the active metab- 
olite is formed and broken down at a 
rate governed by factors affecting the 
limiting reaction in the process. 
Phosphatase enzymes are inhibited not 
only by orthophosphate, but also by 
certain organic phosphates. The nature of 
leaf phosphatases has been previously 
investigated by Ignatieff & Wasteneys 
(1936) and Yin (1945), while that of the 
extracellular root phosphatases has been 
reported by Rogers et al. (1942). For the 
leaf phosphatase determinations, the in 
vivo inhibition might be due to OMPA, 
free orthophosphate or other metabolites 
of OMPA. Inhibition of the root phos- 
phatases could not be explained on the 
basis of the original insecticide or the 
orthophosphate formed during the incu- 
bation period. There is evidence for the 
theory that inhibitors of hydrolytic en- 
zymes transfer a group of the inhibitor 
to the active enzyme center at the time 
of inhibition (Whittaker 1951, Jansen et 
al. 1951). The inhibition of root phos- 
phatase after a period of incubation could 
then be due to the combination of the 
phosphatase with an OMPA metabolite 
formed by this enzyme, the metabolite 
being formed in such low concentrations 
that no resulting decrease in amount of 
OMPA could be detected. It is of interest 
to note that the regions of the plant high- 
est in phosphatase activity (Ignatieff and 
Wasteneys 1936; Yin 1945) are also those 
regions of OMPA-treated plants which 
are most toxic to plant feeding insects. 
The phytotoxicity of OMPA to pea 
plants also appears to be related to avail- 
able phosphorus. Although in vitro ex- 


periments showed no reduction in Qo, 


of plant tissue suspended in M/10 OMPA, 
very small amounts in vivo caused a 
marked Qo, reduction. This reduction in 
respiration rate is opposite to the stimula- 
tion occurring with increased phosphorus. 
The effect of OMPA on the leaf phos- 
phatase activity reported here and on 
the carbohydrate content reported by 
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Zeid & Cutkomp (1951) can be partially 
explained on the basis of the phosphorus 
contributed by the insecticide. Plant 
stimulation by the phosphate insecticides 
(Wolfenbarger 1948; Tsi 1950, and others) 
has been considered to result from avail- 
able nutritional phosphorus derived from 
the insecticide. The degree of stimulation 
that occurs cannot be accounted for on 
the basis of the small additional amount 
of phosphorus supplied by the insecticide. 
Further, the ease of degradation of many 
of these compounds to available phos- 
phorus is not great. Even if such a de- 
gradation did occur the level of insecti- 
cide needed for stimulation on the basis 
of phosphorus supplied would be so large 
as to stunt or even kill the plant, nullify- 
ing any accompanying beneficial action. 
The pronounced physiological effects of 
the phosphate insecticides on plants is 
more likely due to affecting some enzyme 
such as phosphatase or acetyl esterase 
(Jansen et al. 1948) or to an effect due to 
the bond energy of the phosphate linkage 
(Oesper 1950) as suggested for TEPP by 
Hall (1951). 

Binding of soil insecticides on the sur- 
face of soil particles will reduce their 
effective concentration. Wallace (1951) re- 
ported no difference in toxicity of OMPA- 
treated plants between sand and another 
soil type while David (1951) found a 
greater uptake of radioactive OMPA 
from sand. The study reported here also 
indicates systemic toxicity differences in 
plants on sand and those on other soil 
classes. In field usage, the varying effec- 
tiveness of OMPA when applied to the 
soil depends on a large number of factors. 
Controlled greenhouse studies have shown 
‘vat soil type and the amount of available 
soil phosphorus are two of these factors. 

An investigation of the chemical nature 
of the active metabolite of OMPA as well 
as well as factors affecting its formation 
and stability, is now in progress. 

SumMarRyY.—1. Quantitative methods 
are described for determining the octa- 
methylpyrophosphoramide present in 
treated plants, the amount of cholin- 
esterase (ChE) inhibitor present, the 
toxicity of the plants to aphids and the 
relative activity of leaf and extracellular 
root phosphatase enzymes. Possible inter- 
action of OMPA and phosphorus was 
studied in pea plants with each of the 
above criteria for comparison. 
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2. The formation of an effective ChE 
inhibitor from OMPA was demonstrated 
with systemically-treated pea plants. 

3. Phosphorus appears to decrease the 
insecticidal effectiveness of pea plants 
grown in OMPA-treated soil or nutrient 
solutions. This was experimentally demon- 
strated by varying the available inorganic 
phosphorus concentration, the insecticide 
concentration, and the time of exposure to 
the insecticide. As the solution phospho- 
rus increases, less insecticide is absorbed, 
less active cholinesterase inhibitor is 
present, and the insecticidal toxicity of 
the plants decreases. 

4. The interaction of phosphorus and 
OMPA appears to be due to an effect on 
active absorption by the roots. This 
interaction occurred in all cases with soil 
application where the OMPA must be 
absorbed by the roots, translocated and 
then metabolically activated. No interac- 
tion occurred with seed application where 
only translocation and metabolism are 
involved. Similarly, no interaction could 
be detected with foliage application in 


which the penetration of OMPA into the 
leaf and subsequent metabolism are in- 
volved. Attempts to correlate this inter- 
action with growth rate of the roots or 
of the plant, or with the breakdown of 
OMPA extracellular to the roots were 
unsuccessful. It was observed that phos- 
phorus affects the rate of OMPA metab- 
olism, but the mechanism of this action 
has not been elucidated. 

5. OMPA and phosphorus also interact 
in certain effects on the plant metab- 
olism. The liberation of free inorganic 
phosphate from the insecticide within 
the plant may explain the increase in the 
carbohydrate content and inhibition of 
leaf phosphatase enzyme activity of 
treated plants, but is inadequate to ex- 
plain the inhibition of extracellular root 
phosphatases, the in vivo reduction in 
respiration rate, or the growth stimulation 
by OMPA. 

6. Soil type, and available soil phos- 
phorus, may alter the effectiveness of 
OMPA. 
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Citrus thrips, Scirtothrips citri (Moult.), 
has been a major pest of citrus in Califor- 
nia and Arizona for more than 40 years 
(Jones & Horton, 1911). It is of economic 
importance in the San Joaquin and Sacra- 
mento Valleys in central and northern 
California, respectively, and in the foot- 
hill regions and desert and interior valleys 
of southern California. It is not an im- 
portant pest in the coastal regions of 
California. 

Life history studies of this species by 
Horton (1918) indicate that from six to 
eight generations occur per year under 
conditions in the San Joaquin Valley; 
McGregor 1944) states that probably 
10 to 12 generations occur per year in the 
warmest localities. Overwintering eggs, 
which are inserted by the female thrips 
into tender leaves and twigs during late 
summer and fall, begin to hatch in late 
February or early March. The larvae of 
this first generation feed on new vegata- 
tive growth but seldom cause enough 
damage to warrant control measures; 
pupation normally occurs in debris uncer 
the trees. The second generation, which 
reaches its population peak about the 
time of petal fall with varieties of citrus 


that set one crop of fruit per year, such 
as oranges, grapefruit, and tangerines, is 
of great economic importance since it is 
responsible for the characteristic “ring” 
scarring of fruit. The time of petal fall 
for these varieties is normally in late 
March or early April under the desert 
conditions in the Coachella and Imperial 
Valleys, and approximately one month 
later in the other citrus-producing areas 
in California. Succeeding generations are 
of economic importance on “one crop” 
varieties of citrus mainly because of dam- 
age to vegetative growth as the fruit is 
seldom scarred later than mid-June. 
However, during certain years fruit 
damage has occurred to some extent in 
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July. In areas where lemons blossom and 
set fruit over a relatively long period of 
time both fruit scarring and damage to 
new growth occur throughout the sum- 
mer and fall. 

The severity of damage caused by citrus 
thrips varies greatly from year to year. 
Factors responsible for this variation are 
not clearly understood, but observations 
by Jones (1918), Woglum (1928), and 
Lewis (1935) indicate that certain climatic 
conditions are important. Badly scarred 
fruit results in a loss to the grower be- 
cause of a reduction in grade in fresh 
fruit markets. It has been. estimated by 
McGregor (1944) that during an average 
year citrus thrips would damage the 
equivalent of 1.25 million packed boxes 
of fruit in Tulare County alone if protec- 
tive measures were not taken. In addition, 
new vegetative growth may be damaged 
to such an extent that over a period of 
years trees fail to grow normally. 

Several insecticide treatments have 
been used to control citrus thrips, with 
lime-sulfur sprays (Horton 1915, Woglum 
1924, Lewis 1946) and sulfur dusts (Mce- 
Gregor 1928, 1933, 1934, 1944) being the 
most important until the late 1930’s. In 
1939 tartar emetic-sugar sprays (Boyce 
& Persing 1939, Persing et al. 1940, Pers- 
ing & Boyce 1941a) which could be rapidly 
and economically applied with the spray- 
duster (Lewis 1940, Persing & Boyce 1941, 
Boyce 1948, Lewis & Landon 1949, 
Ebeling 1950, Metcalf & Flint 1951), a 
machine especially designed for the pur- 
pose, began to replace the less effective 
and more expensive treatments then in 
use. However, within a few years tartar 
emetic-sugar sprays were no longer effec- 
tive in certain groves (Boyce et al. 1942. 
Persing et al. 1942, Woglum 1942, Persing 
& Brown 1944) which was demonstrated 
to be the result of citrus thrips becoming 
resistant to tartar emetic. At the present 
time resistance to this treatment has 
developed in most areas where extensive 
applications have been made. Nicotine- 
sugar sprays (Boyce et al. 1942) have been 
used in groves where thrips have become 
resistant to tartar emetic but are not 
reliable under conditions of heavy thrips 
populations. Since 1946, DDT sprays and 
DDT-sulfur dusts (Persing 1946, Boyce 
& Ewart 1946, Ewart 1946, 1946a, 1948) 
have been used in many groves to control 
citrus thrips. However, this insecticide has 
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not been favorably received in all areas 
because of the detrimental effect on bene- 
ficial insects, particularly vedalia, Rodolia 
cardinalis (Muls.), the ladybird predator 
of cottony-cushion scale, Icerya purchasi 
Mask. (Woglum 1946, Ewart & DeBach 
1947, 1948, DeBach & Bartlett 1951). 
Furthermore, since 1949 citrus thrips 
have not been satisfactorily controlled 
with DDT in certain groves in the San 
Joaquin Valley (see Table 4, Groves 2, 
3 & 5) which indicates that this species 
has become resistant to DDT in groves 
where repeated treatments of this in- 
secticide have been applied over a period 
of 4 or 5 years. 

There is, therefore, a recognized need 
for a more satisfactory treatment to con- 
trol citrus thrips than is now available. 
During recent years several new com- 
pounds have been studied for thripsicidal 
properties by members of the Division 
of Entomology, University of California 
Citrus Experiment Station at Riverside, 
and among those which have shown prom- 
ise dieldrin has proved to be outstanding 
for the control of citrus thrips under field 
conditions. Other investigators (Mayeux 
& Wene 1950, Sloan & Rawlins 1951) 
have reported that this insecticide is 
also promising for the control of onion 
thrips, Thrips tabaci Lind., on onions. 

It is the purpose of this report to sum- 
marize results obtained with experimemtal 
treatments of dieldrin for the control of 
citrus thrips under field conditions in 
California during the period from 1949 
go 1951, inclusive. 

APPLICATION AND PiLot EvaLuatTion 
Meruops.—All experiments were con- 
ducted in commercial orange, lemon, or 
grapefruit groves in central and southern 
California. The sprays used in these 
studies contained 20 or 25 per cent diel- 
drin wettable powder suspended in water, 
or emulsifiable concentrate containing one 
or two pounds of dieldrin per gallon emul- 
sified in water. 

In experiments designed for thrips con- 
trol all treatments were applied with a 
spray-duster at the rate of 100 gallons 
per acre per application to plots one or 
two acres in size with 90 to 120 trees per 
acre. For the prevention of fruit scarring 
on oranges and grapefruit a single treat- 
ment was applied at time of petal fall 
when the fruit were about pea-size; for 
the protection of new growth on lemon 
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trees two applications were normally 
made, the first at the time the thrips 
population reached an average of 0.5 
thrips per terminal,’ usually in May or 
June, followed by the second treatment in 
late July or early August. In some lemon 
groves where the thrips populations re- 
mained low throughout the summer only 
one treatment was applied. 

In most experiments the effectiveness of 
dieldrin was compared with one or more 
standard treatments, such as_ nicotine- 
sugar, sabadilla-sugar, DDT, or tartar 
emetic-sugar sprays; only in a few experi- 
ments was it possible to compare dieldrin- 
treated plots with untreated plots be- 
cause of the undesirability of leaving 
untreated trees in commercial groves. 

The amount of fruit scarring was deter- 
mined by examining all peripheral fruit 
in a band three to six feet from the ground 
on each of 16 trees in each plot just prior 
to time of harvest. With this method, 
500 to 2000 fruits per plot, depending on 
the number of fruits on the trees, were 
examined for scars and the results express- 
ed as “per cent fruit scarred.” A treat- 
ment was considered commercially effec- 
tive if less than 5 per cent scarring oc- 
curred. 

In plots sprayed to protect new growth 
the treatments were evaluated by esti- 
mating the size of the thrips populations at 
various intervals after the applications. 
This was done with the aid of an especially 
constructed thrips collecting device (Ebel- 
ing 1950) which is a modification of the 
so-called ‘“‘thripsometer” designed by 
McGregor (1941). Fifty new growth 
terminals from each plot were rapped 
sharply against the screen cover of the 
device which dislodged any thrips present. 
These fell through the screen and were 
entrapped on a removable metal plate 
covered with a sticky material.? The 
metal plate with the entrapped thrips 
was then removed and stored in an es- 
pecially constructed case; the thrips were 
subsequently counted in the laboratory 
with the aid of a binocular microscope 
and the results expressed as “average 
number of thrips per terminal.” A treat- 
ment was considered commerically effec- 
tive so long as the population remained 
below an average of 0.50 thrips per ter- 
minal. The experiments on lemons in 
southern California were discontinued for 
the season when the regular petroleum 
oil sprays were applied for the control of 
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California red scale, Aonidiella aurantii 
(Mask.), usually in September or October. 

Two types of residue studies, namely 
harvest and ABC? types, were made. For 
harvest residues fruit were collected from 
the experimental plots which had been 
treated with dieldrin sprays for the con- 
trol of citrus thrips in a manner simulating 
commercial applications. In ABC studies, 
which were designed to develop informa- 
tion on the penetration and persistence of 
dieldrin residues in lemon peel, fruits 
were collected from plots especially 
treated for the purpose. Plots of eight 
trees each were sprayed over ripe fruit 
in a thorough-coverage manner at the 
rate of 25 gallons per tree with a dosage of 
dieldrin considerably in excess of the mini- 
mum amount (on an acre basis) required 
for citrus thrips control. 

For residue analyses quadruplicate 
samples of 28 fruits (four from each quad- 
rant of seven trees) per plot were collected, 
care being taken not to touch the fruits 
with the hands as they were clipped into 
paper bags. Until the time that the fruits 
could be processed (24 to 48 hours) they 
were stored as 10° C. For harvest residue 
studies the fruits were collected at the 
normal picking time and the apparent 
dieldrin determined separately in the peel 
and in the pulp. The pulp is that part of 
the fruit, incliding juice, remaining after 
the peel is removed. In studies to deter- 
mine the penetration and persistance of 
dieldrin residues in lemon peel, fruit 
samples were collected immediately fol- 
lowing the applications when the spray 
deposits were dry, and at various intervals 
thereafter. The same seven trees were 
sampled each time. 

AnatytTicAL Mertuop.—In the ab- 
sence of specific analytical methods for 
quantitatively determining microgram- 
amounts of dieldrin residues, the present 
residue studies were accomplished with 
the aid of an improved total organic 
chlorine method of high precision and 
sensitivity. The nucleus of the method 
consists of a quartz tube combustion 


1 A “terminal” refers to the new vegetative growth, approxi- 
matel a foot i in length, at the tip of a branch. 

2 “Deadiine.” 

3 A—residue adhering to wax layer; B—residue within wax 
layer; C—residue penetrated below wax layer. This ABC tech- 
nique was discussed by G. E. Carman and F, A. Gunther in a 
paper entitled * Pecioes related to the differentiation of extra- 
surface and subsurface residues” at the 35th Annual Meeting of 
the Pacific Branch, American Association of Economic Entomo lo- 
gists, Seattle, Washington, 1951. This technique, which is being 
adapted to a variety of pesticides, demonstrates in the present 
= ies the penetration of the apparent dieldrin from the sur 
face (A) to the inner portion (C) of citrus peel. 














technique (Agazzi et al. 1952), which was 
adapted to the problem of estimating 
dieldrin residues in citrus fruit. 

Heretofore, the usual chlorine methods 
for studies of pesticide residues have 
frequently been considered unreliable 
because of the grossly variable amounts 
of fatty acids liberated by the rigorous 
saponification step necessary to liberate 
organically bound chlorine in the plant 
extractive mixtures containing the pesti- 
cide residues. Although most of these 
fatty acids could subsequently be removed 
from the final essentially aqueous reac- 
tion mixtures as insoluble barium salts, 
the barium salts of proprionic, butyric, 
and some of the pentanoic acids are ap- 
preciably water soluble. Therefore, these 
acids subsequently precipitated along with 
chlorine as insoluble silver salts in the 
ultimate titration. Oily and waxy fruit, 
such as citrus and avocado, are particular- 
ly troublesome in this regard. In the com- 
bustion technique, the final processed 
residue is quantitatively burned to CO: 
H.O, HCl, and oxides of nitrogen and 
sulfur. 

Secondary objections to chlorine meth- 
ods have devolved from the facts that they 
do not distinguish between inorganic and 
organic chlorides and that they are non- 
specific for the parent chlorinated pesti- 
cide. Inorganic chlorides usually can be 
adequately removed by washing the or- 
ganic solutions of extractives. In the 
absence of other halogen-containing or- 
ganic substances, a non-specific total 
chlorine combustion method is adequate 
for the present purposes by virtue of the 
fact that results accrued by such a method 
will always be maximal. Degradation of 
the parent compound to inorganic chloride 
would be detected if inorganic chloride 
values were studied separately; however, 
degradation of the parent compound to 
chlorine-containing moieties would not 
be misleading because the total weight 
of (organic) chloride is interpreted by 
calculation back to weight of parent com- 
pound (dieldrin). 

The reliability of the present method 
was established by analyzing fortified 
samples, by detailed policing, and by 
evaluation of efficiency of the various 
steps in the entire analytical procedure. 
The total chlorine method as here used 
appears to be reliable in the presence of 
as little as 30 micrograms of organic 
chloride per analytical sample. This 
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quantity, in terms of sample size analyzed, 
corresponds to 0.1 to 0.2 part per million 
of dieldrin. 

Processing of samples.—The types of 
samples involved in this study were of 
the ABC type and the peel and pulp 
type. 

The ABC technique (footnote 9) has 
been designed to evaluate the rates at 
which pesticidal molecules penetrate 
through the various anatomical portions 
(strata) of citrus peel as well as to afford 
practical information regarding possibili- 
ties of packing house removal of surface 
residues existing at harvest. 

The “A” residue represents material 
adhering to the outer wax layer of the 
fruit and for practical purposes may be 
considered as removable detritis, Removal 
of this so-called extra-surface residue 
(Gunther et al. 1950) is achieved through 
washing with a detergent solution. To 
the field sample packed tightly into a 3- 
gallon wide-mouthed jar are added 500 
milliliters of distilled water and 20 drops 
of Triton X-45'. The jar is tightly capped 
with waxed paper and a screw cap, then 
rolled mechanically for 20 minutes. The 
resultant rinsings are decanted into 
bottles, which are sealed with waxed pa- 
per and a screw cap and stored at 10° C. 

After being rinsed throughly with dis- 
tilled water, the A-treated fruit are dried 
in a current of air in wire baskets placed 
in a down-draft hood. 

The “B” residue represents material 
dissolved in or adhering tightly to the 
actual wax or cuticular layer of the fruit. 
This represents the so-called cuticular 
residue (Gunther et al. 1950) and is re- 
moved by means of a quick solvent laving 
of individual fruit. Each fruit from the 
above A-treatment is pierced with an 
ice pick, held over a 6-inch funnel, and 
rotated slowly while 15 milliliters of 
Skellysolve B? is sprayed over its surface 
from a fine-jet graduated cylinder wash 
bottle operated from the compressed 
(filtered) air line. These lavings from a 
given sample are filtered through a tight 
plug of pre-rinsed cotton, then stored at 


1A @-gram sample of our lot of Triton X-45 afforded a nil 
chloride value when run through the combustion chloride 
methods as described. 

2 All extraction and equilibration procedures involved the use 
of Skellysolve B. Although technical grade Skellysolve B contains 
some chloride (about 18 ppm, as determined by the combustion 
of the evaporated residue from one liter), most of this chloride 
can be washed out. For example, liter quantities of Skellysolve B 
washed four times with chlorid le-free distilled water afforded 
combustion values of less than four micrograms of chloride each. 
This value is well within titration error. 
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10° C. in screw-cap bottles with waxed 
paper liners in the caps. 

The “C” residue or so-called sub- 
cuticular residue (Gunther et al. 1950), 
represents material inside the peel por- 
tion of the fruit and is evaluated by means 
of a one-hour solvent extraction of the 
tumbling fruit. This procedure leaches to 
an equilibrium value insecticidal sub- 
stances from the entire flavedo-albedo 
layers; within this limit of time the ex- 
tracting solvent does not penetrate be- 
yond the albedo layer when mature fruit 
are involved. The A- and B-treated fruit 
in a given sample are transferred to 3- 
gallon wide-mouth glass jars, 500 milli- 
liters of Skellysolve B is added to each, 
and the jars are capped with aluminum 
foil and a screw cap, then rolled mechani- 
cally for one hour. The resultant extract 
is decanted through pre-rinsed Sharkskin 
filter paper into bottles, which are sealed 
with waxed paper and screw caps, then 
stored at 10° C. 

The peel and pulp residues represent 
material actually penetrated into the 
total peel and into the pulp, a term ap- 
plied to that portion of the fruit, including 
juice, remaining after the peel is re- 
moved. The fruits in a given sample are 
washed manually with soft brushes in 
warm dilute trisodium phosphate solu- 
tion, rinsed in distilled water, and dried 
in wire baskets in a current of air. They 
are then carefully peeled with the aid 
of an especially designed “buttonhook” 
or ‘“‘crochet-hook” peeler' in such a man- 
ner that the flavedo-albedo layers are 
removed cleanly yet the pulp portions 
are not punctured. After being weighed, 
the entire mass of peel is thoroughly 
mixed and one-pound subsamples are 
withdrawn by quartering. Each subsample 
is minced (Gunther 1949) in a stainless 
steel container to a particle size of 
one-eighth inch or less in the presence of 2 
milliliters of Skellysolve B per gram of 
peel, then equilibrated on a tumbling 
machine (Gunther & Blinn 1950) for one 
hour. The resultant supernatant extract 
is decanted through pre-rinsed Sharkskin 
filter paper into bottles, which are sealed 
with waxed paper and screw caps and 
stored at 10° C. 

The peeled fruit are carefully pierced 
equatorially twice with a No. 15 cork 
borer with sawtooth edge. From the re- 
sulting plugs of pulp the two ends are 


JOURNAL OF Economic ENTOMOLOGY 








Vol. 45, No. 4 


carefully removed with a clean scalpel, 
and the thus obtained pulp is pooled and 
subsampled by quarters to suitable ali- 
quots. These aliquots are minced, tumbled 
with two milliliters of Skellysolve B 
per gram for five minutes, when allowed 
to stand in the sealed stainless steel con- 
tainers at 10° C. with occasional shaking 
for 48 hours. The resultant supernatant 
extract is decanted through pre-rinsed 
Sharkskin filter paper and stored at 10° C. 
in bottles capped with waxed paper liners. 

Since these extraction operations, ex- 
cept for the B treatment, are equilibra- 
tion treatments, the amounts of solvents 
added originally are carefully measured. 
Thus it is not necessary to secure quanti- 
tative separation of emulsions nor to be 
concerned about hold-up of solvent with 
coarse, retentive mares. After equilibra- 
tion as much of the solvent as can be 
conveniently recovered is removed by 
decanting. 

Pre-analysis treatment of samples.—The 
Skellysolve B extract obtained as above 
is decanted into a French globe-type 
separatory funnel and washed repeatedly 
with especially redistilled water? until 
the washings do not precipitate with 
acidified silver nitrate solution. The 
sample is then washed twice more and an 
aliquot is transferred to a Kuderna-Danish 
apparatus (see Gunther et al. 1951) and 
evaporatively concentrated to about two 
milliliters. With “C”’ treatments and with 
peel treatments, the final Kuderna- 
Danish volume is about eight milliliters 
(rind oil). These latter concentrates are 
transferred quantitatively to petri dishes 
and allowed to evaporate spontaneously 
at room temperature under light air draft 
for 20 hours. The residues in the petri 
dishes are then transferred quantitatively 
to Kuderna-Danish evaporators with the 
aid of Skellysolve B, and again concen- 
trated to about two milliliters. 

The aqueous “A” extract is transferred 
quantitatively to a French separatory 


1 This peeler eonsists of a 4-inch cylindrical metal handle to 
the end of which is affixed a slender stainless steel “button hook” 
or “crochet hook.” This hook is sharpened on the inner three- 
eighths inch edge. In use, the fruit is scored with the hook 
into 6 or 8 antipodal segments to a depth of about three-eighths 
inch; the dull outer edge of the hook is then inserted beneath 
one a at a polar end, and the segment or flap of peel 
is prie cleanly off the fruit. With experience, an operator can 
te uickly “feel” the thickness of the peel; with thin-skinned fruit 

re is angled slightly so as not to embed the hook too 

eeply into the fruit and perhaps puncture some of the juice 
ae A skilled operaer can cleanly peel a mature orange in 15 
seonds with this device 

2 Tap distilled water is redistilled from alkaline permanganate 
solution in an all-glass apparatus. 
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funnel and extracted with 200-milliliter 
portions of Skellysolve B. The combined 
Skellysolve B extracts are then washed 
with the redistilled water until the deter- 
gent has been washed out of the organic 
solution and further, until the silver 
nitrate test is negative as above. An 
aliquot is then transferred to a Kuderna- 
Danish apparatus and concentrated as 
above to two milliliters. 

While awaiting combustion analysis 
the Kuderna-Danish concentrates are 
stored in the Kuderna-Danish tubes 
stoppered with ¥ plugs. 

Combustion analysis of samples.—The 
combustion technique employed is es- 
sentially that described by workers in the 
Analytical Department, Shell Develop- 
ment Company, Emeryville, California 
(Agazzi et al. 1952), with but minor modi- 
fications. The lowest point in the primary 
absorber has been tapped to allow the 
absorbing solution to be drained into 
volumetric flasks, and the adapter leading 
from the quartz tube to the primary ab- 
sorber has been rebuilt so that it can be 
rinsed without disassembling the appara- 
tus. This modified primary absorber unit 
is diagrammed in figure. 1. The secondary 
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Fig. 1.—Modifications of primary absorber to facili- 

tate withdrawal of trapped combustion products. 

(See Agazzi et al. 1952 for description of original 
apparatus.) 


absorber (Agazzi et al. 1952) is used with 
the especially redistilled water even 
though chloride has never been detected 
in this absorber. The air drawn into the 
apparatus during the first part of the 
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combustion is led through a third packed 
quartz tube held at 950° to 1000° C. so 
as to obviate the possibility of contami- 
nated air being drawn into the apparatus. 

The preparation of the sample for com- 
bustion is as follows: The approximately 
two milliliters of concentrate remaining 
in the Kuderna-Danish tube is transferred 
quantitatively a few drops at a time toa 
#6 porcelain boat held in a rack especially 
designed to grasp only a small portion of 
the handle of the boat.! As the Skelly- 
solve B evaporates more of the sample is 
added until all of the sample and the 
several washings have been transferred 
quantitatively to the boat. The boat is 
allowed to stand two hours in a slow cur- 
rent of air, then it is placed in a vacuum 
desiccator over concentrated sulfuric 
acid at a pressure of about 30 millimeters 
of mercury for an additional hour. 

The combustion is performed essential- 
ly as described by Agazzi et al. (1952). 

The analysis of chloride content is 
performed potentiometrically with the aid 
of a Beckman Automatic Titrator. The 
rinsings from the combustion operation 
are made up to volume in a 100-milliliter 
volumetric flask. Either the entire flask 
contents or an aliquot thereof is adjusted 
to pH 1.0 with 1.5 N chloride-free nitric 
acid solution on the left-hand unit of the 
titrator with glass electrode versus cal- 
omel-type electrode with a potassium 
sulfate bridge. Exactly 1.000+0.002 mil- 
liliters of 0.01 N sodium chloride solution 
is added from an automatic burette 
graduated in 0.02 milliliter units. The 
total chloride content of the sample is 
determined by titration with 0.01 N silver 
nitrate solution, with glass versus giant 
silver electrodes (Lykken & Tuemmler 
1942). 

Validation of analytical method.—The 
combustion technique for determining 
total organic chlorine in residue studies 
involves the application of an unusually 
precise and sensitive analytical method. 
Indeed, the method is so sensitive that 
it may be misleading unless provision is 
made for elaborate replication of both 
samples and subsamples of plant extrac- 
tives. Even with this provision, inconsist- 
ent results will occasionally be obtained. 
When properly utilized, the method is 


1 This holder is essential since some oily materials creep up and 
completely around the boat. This device suspends the boat in 
air by grasping about 0.25 inch of the handle. 
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not capable of yielding a negative value. 

Adequacy of sampling techniques and of 
sample replication will be manifest by 
trends in the data, but not necessarily 
by the close scrutiny of isolated analytical 
values. Furthermore, significance may be 
attached both to the apparent trends and 
to the detailed but replicated data if 
certain policing measures are enforced 
during the accumulation of the residue 
analyses. The adequacy of these policing 
measures establishes the reliability of the 
results. 

It is to be borne in mind that the pres- 
ent data represent mazimal loads of ap- 
parent dieldrin on and in citrus fruit 
under the conditions and practices as 
specified. It must also be pointed out that 
all chloride values have been interpreted 
as apparent dieldrin; the assurance that 
the chlorides encountered arose from in- 
tact dieldrin cannot be made. In the pres- 
ent method the inorganic chlorides so 
abundantly found in plant parts in vari- 
able amounts (Bogusch 1945) have been 
eliminated from consideration. The use 
of this method would therefore seem to 
be justified for the present purpose. Con- 
sideration of the structure of dieldrin 
indicates that the ready formation of 
non-chlorine containing degradation or 
other metabolic products in situ is hardly 
possible. 

A discussion of the pertinent sources 
of error in the present method must 
accordingly be limited to the laboratory 
practices. A critical evaluation of the 
check-sample variability is not possible 
with the present data; adequate field 
sampling techniques—with especial at- 
tention to previous spray and other treat- 
ment history—must be re-evaluated for 
this new method because of the apparent 
occurrence in citrus fruit not treated with 
dieldrin of small amounts of organic 
chlorides, although the frequent appear- 
ance of perfect check samples suggests 
that these organic halides may not be 
naturally-occurring ones. Validation of 
the laboratory practices will, however, 
justify the efficiency claims for the method 
and will also justify scrutiny of the trends 
apparent in the present data. 

That the present data approach maxi- 
mal may be demonstrated by verification 
of the efficiency of the method. The estab- 
lishment of this efficiency then permits a 
critical examination of the positive sources 
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of error through trace contamination as 
contributors to inconsistently high values. 
The elaborate nature of the method favors 
occasional contaminated analytical sam- 
ples, but the enforcement of adequate 
policing operations minimizes the appear- 
ance of possible questionable values. The 
following discussions are accordingly 
bracketed into efficiency and contamina- 
tion subject headings. 

A. Efficiency.—The stepwise efficien- 
cies of the processing and combustion 
methods are shown in table 1. Apparent 
trace contaminations occurred up to the 
washing stage; all but one of these values 
are within the titration error and are, 
therefore, not established as contamina- 
tion errors. Since the tabulated extraction 
operations are equilibration operations, a 
given sample moves progressively from 
aliquot to sub-aliquot to sub-sub-aliquot, 


Table 1.—Effciencies of processing and com- 
bustion methods as established for the individual 
steps involved in a complete blank analysis. 











Muu1- 
LITERS MIcroGRAMS 
SKELLY- DieLpRIN 
ADDENDUM soLve B ——————————- Pr Cent 
STaGE Eacu Added Found Recovery 
“A” jar with detergent 500 0 ; -- 
0 — 
0 0 _ 
“C” jar 500 0 1 
0 0 _ 
0 4 — 
Pulp can 908 0 9 -- 
« 0 $1 -— 
0 6 -- 
Peel Can 908 0 14 -— 
0 0 _ 
0 9 — 
Washing 500 482 429 89 
482 429 89 
0 0 —_ 
Kuderna-Danish! 500 406 426 105 
406 414 102 
203 211 104 
203 205 101 
0 10 _ 
0 10 _ 
Furnace —_ 88002 8800 100 





i Two drops of white oil also added. . ; : 

2 Added as crystalline dieldrin; all other fortifications in- 
volved the addition of measured volumes of a standard solution 
of dieldrin in Skellysolve B. 


and thus small operational losses of ex- 
tract solution are of no consequence. 
There is no elegant way to determine 
the efficiency of the first equilibration 
involved in extracting the dieldrin from 
the fruit part. The method of mare fortifi- 
cation is subject to criticism on the basis 
of artificial, localized distribution, and 
in general affords falsely high efficiencies; 
the method of successive extractions of 
marcs from field-treated fruit is a more 














tte 
ur- 
he 
ly 
a- 

















August 1952 


realistic approach to efficiency evaluation 
because it establishes the unit-equilibra- 
tion amount of extractable material in 
field-treated fruit parts in relation to the 
total amount of extractable material pres- 
ent. This efficiency for dieldrin in orange 
and lemon peel has been established as 
85 per cent (average) for one standard 
equilibration with 2 milliliters of Skelly- 
solve B per gram of minced peel.! 

The over-all efficiency of the laboratory 
operations which amounts to 76 per cent 
may therefore be generalized in table 2. 


Table 2.—Summarized over-all efficiency of 
laboratory operations. 
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Table 3.—Demonstration of negligible boat 
contamination as determined by the lack of con- 
sistent apparent dieldrin residues from sequential 
analyses of miscellaneous lemon samples. 














Boat 6 Boat 25 
v , Micro- Treret Micro- 
ype o! grams ‘ype ms 
Code Sample Dieldrin Code Sample ieldrin 
1 Pul 30 14 “B” Strip 0 
2 Pee 640 15 “GC” Strip 550 
3 “B” Strip 0 16 “B” Strip 172 
4 Pulp ; 20 17 “B” Strip 0 
5 “B” Strip 30 18 “B” Strip 142 
6 “B”’ Strip 1596 19 “B” Strip 348 
7 “B” Strip 644 20 “A” Strip 396 
8 “B” Strip 0 21 “A” Strip 60 
9 “C” Strip 163 22 Peel 90 
10 “C” Strip 1587 
ll = “A” Strip 456 
12 “A” Strip 2288 
13 “A” Strip 34 











MINIMUM 
EFFICIENCY 


OPERATION 





First equilibration (extraction from peel) 85% 


Washing to remove inorganic chlorides 89 
Kuderna-Danish evaporation 100 
Combustion 100 





B. Contamination.—The sources of 
contamination prior to the washing opera- 
tion ordinarily will involve contamination 
of the equipment and solvents with or- 
ganic halides. Contamination of this sort 
can be policed only by frequently submit- 
ting known solutions and check solvents, 
to be processed through the entire series 
of operations. 

Contamination during and after wash- 
ing operations can involve both organic 
and inorganic halides. With the required 
number of manipulations, an occasional 
contaminated sample should be expected. 
Such contaminations can be kept to a 
minimum by frequent insertion of checks 
and knowns, and by rigorous policing 
regimens. 

Gross contamination could occur from 
boats improperly burned or cleaned. To 
minimize this error, the combustion boats 
are cleaned between each run as follows: 
The boat is immersed in dichromate- 
sulfuric acid cleaning solution at 100° C. 
for 12 hours, then rinsed thoroughly, and 
finally with the especially redistilled 
water, then burned at white heat for one 
to two hours. The boats and other ap- 
paratus used are never touched with the 
fingers but are handled only with special 
tongs and supports designed for the pur- 
pose. In order to demonstrate the lack 
of boat contamination in the present 
study, attention is drawn to table 3, 








wherein the apparent dieldrin values from 
all the samples burned in each of two 
boats are recorded. It is evident that even 
when a boat contained 2000 micrograms 
of apparent dieldrin, any contamination 
resulting was not transferred to the next 
sample in a consistent manner. 

As miscellaneous policing practices may 
be included the following: (1) All equip- 
ment involved before the washing opera- 
tion is rinsed thoroughly with Skelly- 
solve B just prior to use; (2) all equip- 
ment involved after the washing operation 
is rinsed thoroughly with the especially 
redistilled water just prior to use; (3) 
all rubber tubing on the furnace end of 
the combustion apparatus is rinsed each 
day with the especially redistilled water; 
(4) all reagents are drawn from stoppered 
bottles with automatic pipettes; (5) all 
titrating solutions are stored in the reser- 
voirs of, and dispensed from, all-glass 
automatic burettes; (6) the silver nitrate 
solution is standardized every day; and 
(7) all wash bottles are mechanically 
operated. 

Resvuitrs.—During the course of these 
studies information was developed on the 
use of dieldrin sprays to control citrus 
thrips with respect to (1) dosage, (2) com- 
parison of wettable powder and emulsifi- 
able concentrate formulations, (3) effect 
of adding sugar, (4) compatibility with 
zinc-containing nutritional supplements 
and certain pesticides, (5) fruit residues, 
beation) also eppies to DDT and parstiion (Gunther and Blinn 
1950). Compound 88R (Gunther et al. 1951), and Compound 
K-6451 and EPN (unpublished data). It could be interpreted as 
the adsorption efficiency of the pont peel under these condi- 
tions. Benzene is used with DDT and parathion; Skellysolve B 
is used with the other pesticides mentioned. The most elaborate 


evaluation of this efficiency was made with DDT, with an effi- 
ciency range of 78 to 92 per cent, 





<* 


e- ~ 


CiNiVE wiv (i Mati RM Gio 


TORT mR Rm ee. 








586 





Table 4.—Control of citrus thrips to prevent 
fruit scarring of oranges and grapefruit with diel- 
drin sprays applied at time of petal fall with 
spray-duster at rate of 100 gallons per acre. Effect 
of dosage, formulation, and addition of. sugar, 
certain pesticides, or zinc-containing nutritional 
supplements. 








Les. Per Cent 
Drevprin Fruit 
PER AcRE ScarReEp! 


Grove No., Location, VARIETY, AND 
Date or APPLICATION; TREATMENTS 
anp Amts./100 Gats. or Spray 





1, Lemon Cove; navel orange; 5/14/51 
(1) 1.25 Ibs. 20% dieldrin W 0.25 
(2) 2.5 lbs. 20% dieldrin W 0.5 
(3) Same as (2) +20 Ibs. 15% Com- 

pound 88R2W 
(4) Same as (2) 4-4 Ibs. 40% Com- 
pound R-2423 \V 
(5) 4 lbs. 50% DDT W (standard) 
(6) Untreated chec 

. Porterville; navel orange; 5/7/51 
(7) 1 lb. 25% dieldrin W 
(8) 2 Ibs. 25% dieldrin W 
(9) 4 lbs, 25% dieldrin W 

(10) Same as (8) +10 Ibs, ZnO 

(11) Same as (8)+20 Ibs. ZnSO.+10 
Ibs. soda ash 

(12) 1 qt. dieldrin E (1 Ib. dieldrin / 

(18) 2 qts. dieldrin E (1 Ib. rare mts ) 

(14) 1 gal. dieldrin E (1 1b, dieldrin/gal.) 

(12) 7 lbs. 14% nicotine conc.*+4 Ibs, 
—_ (stand.) 

16) 8 lbs. 50% DDT W (2X 7 ie 

8. Terra Bella; navel orange; 5/11/5 
(17) 1 Ib. 25% dieldrin W 
(18) 2 Ibs. 25% dieldrin W 
(19) 4 Ibs. 50% DDT W (standard) 

4. Indio; apefruit; 4/7/49 
(20) i ft 25% dieldrin W 
(21) 2 Ibs. 25% dieldrin W 
(22) 8 lbs. sabadilla prep.5+6 Ibs. 

sugar (stand.) 

. Porterville; navel ri / 17/49 
(23) 2 lbs. 25% dieldrin V 
(24) Same as (23) +4 Ibs. ee 
(25) 7 lbs. 14% nicotine conc.'+4 Ibs. 

sugar (stand.) 
(26) 4 lbs. 50% DDT W (standard) 
(27) 6 Ibs. sabadilla prep.5+6 Ibs. 
sugar (stand.) 

6. Corona; navel orange; 7/9/49 
(28) 4 Ibs, 25% die drin Ww 
(29) Same as (28) +4 lbs. sugar 
(30) 4 Ibs. tartar emetic+4 Ibs. sugar 

(standard) 
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1A treatment was considered commercially effective if less 
than 5.0 per cent of the fruit were scarred. 

2 2-(p-tert.- me f henoxy)isopropy! 2-chloroethy] sulfite. Nan- 

atuck Chemical div., United States Rubber Co., New York, 


y atu -C pee phenylsulfone. Stauffer Chemical Co., New 
or! 
4 Tobuoss By-Products and Chemical Corp., Richmond, Va. 
5 Contains 1.90% sabadilla alkaloid complex. Leffingwell 
Chemical Co., Whittier, Calif. 


and (6) effect on beneficial insects under 
field conditions. 

Dosage.—Results with treatments of 
0.25, 0.5, and 1.0 pound of dieldrin per 
acre for the prevention of fruit scarring 
on navel oranges and grapefruit are sum- 
marized in table 4, and for the protection 
of new vegetative growth on lemons in 
table 5. 

Applications made to prevent fruit 
scarring in groves having moderately 
heavy thrips populations (Table 4, Groves 
2, 3, 4, 5) showed only slight differences 
among the three dosage levels; all dieldrin 
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treatments were more effective than the 
standard treatments. The effectiveness of 
dieldrin in Groves 2, 3 and 5 (Table 4) 
is of noteworthy, practical importance, 
since the thrips in these groves have 
apparently developed resistance to the 
standard DDT treatment. Particularly 
evident is Grove 2 (Table 4), where twice 
the normal standard DDT dosage failed 
to give satisfactory commercial control. 
In one grove where thrips scarred the 
fruit much later in the summer than usual 
(Table 4, Grove 6) dieldrin treatments 
applied in July gave commercial control 
whereas the standard tartar emetic-sugar 
treatment was relatively ineffective. 
For the protection of new growth on 
lemons, treatments of 0.25 and 0.5 pound 
of dieldrin per acre applied as wettable 
powder suspensions were equally effec- 
tive 8 weeks after application; applied 
as emulsifiable concentrate emulsions the 
0.25-pound and 0.5-pound dosages were 
equally effective after 8 weeks, but slight- 
ly less effective than comparable dosages 
applied as wettable powder sprays (Table 
5, Grove 1). In this grove the standard 
sabadilla-sugar treatment lost its effec- 
tiveness in 6 to 8 weeks. In all groves the 
0.5-pound dosage of dieldrin per acre 
remained effective longer than the stand- 
ard tartar emetic-sugar, nicotine-sugar, 
DDT, and sabadilla-sugar treatments. 
In most groves having moderately high 
populations of thrips (‘Table 5, Groves 1, 
4, 5—Ilst application, 6, 7, 8, 9) dieldrin 
applied at the rate of 0.5 pound per acre 
was effective for 8 or more weeks, whereas 
the standard treatments usually lost 
their effectiveness in less than 6 weeks; 
in groves having relatively high popula- 
tions of thrips (Table 5, Groves 2, 3, 
5—2nd application) treatments of 0.5 
pound of dieldrin per acre remained effec- 
tive for 4 to 6 weeks while standard treat- 
ments were effective from 2 to 4 weeks. 
Comparison of wettable powder and emul- 
sifiable concentrate formulations.—When 
applied at the dosage of 0.5 pound of 
dieldrin per acre, wettable powder and 
emulsifiable concentrate formulations 
were approximately equally effective in 
the commercial control of citrus thrips 
(Table 4, Grove 2; Table 5, Groves 1, 3, 
4). In one experiment (Table 4, Grove 2) 
the dosage of 0.25 pound of dieldrin per 
acre was slightly more effective as a 
wettable powder than as an emulsifiable 
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Table 5.—Control of citrus thrips to protect new growth on lemons with dieldrin sprays applied 
with spray-duster at the rate of 100 gallons per acre per application. Efiect of dosage, formulation, and 
addition of sugar or certain pesticides. 
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Grove No., Location, AND DaATE(s) OF 


APPLICATION; TREATMENTS AND 
Amrts./100 GALs or SPRAY 





Les. 
D1eELpRIN/ 
AcrE/ APPL. 


AVERAGE No. Turips PER TERMINAL! 





(Wks. After Application) 








San Fernando; 5/31/51 
(1) 1.25 lbs. 20% dieldrin W 
(2) 2.5 lbs. 20% dieldrin W 
(3) Same as (2)-+-4 Ibs. 15% Compound 
88R W? 
(4) Same as ae Ibs. 50% Compound 
K-6451 
(5) Same as 244 Ibs. 40% Compound 
K-1875 W 
(6) 1 qt. Teldrin E (1 Ib. dieldrin/gal.) 
(7) 2 qts. dieldrin E (1 lb. dieldrin/gal.) 
(8) 1.5 gals. sabadilla prep.6+5 Ibs. 
sugar (stand.) 


. Alta Loma; 7/6 & 8/16/49 


(9) 2 lbs. 25% dieldrin W 
(10) 8 Ibs. 50% DDT W (standard) 
(11) 8 lbs. sabadilla prep.*+6 lbs. sugar 
(stand.) 


. San Fernando; 6/8/51 


(12) 2 Ibs. 25% dieldrin W 
(18) 2 qts. dieldrin E (1 lb. dieldrin/gal.) 
(14) 8 Ibs. 50% DDT W (standard) 


. San Fernando; 6/4 & 8/15/51 


(15) 2 lbs. 25% dieldrin W 

(16) 2 qts. dieldrin E (1 lb. dieldrin/gal.) 

(17) 1 gal. sabadilla prep.6+-5 Ibs. sugar 
(stand.) 


. San Fernando; 5/9 & 8/16/50 


(18) 2 lbs. 25% dieldrin W 

(19) Same as (18)+2 lbs. sugar 

(20) Same as (18)-+6 Ibs. 25% EPN? W 

(21) 7 lbs. 14% nicotine conc.8+4 Ibs. 
sugar (stand.) 

(22) 8 lbs. sabadilla prep.6+-4 Ibs. sugar 
(stand.) 


3. Alta Loma; 8/15/50 


(23) 2 lbs. 25% dieldrin W 

(24) Same as (23)-+-4 lbs. sugar 

(25) Same as (23)+20 Ibs. 15% Com- 
pound 88R? W 

(26) Same as (23)+10 Ibs. 50% Com- 
pound K-64513 W 

(27) 1 qt. dieldrin E (1 lb. dieldrin/gal.) 

(28) Same as (27)+-4 lbs. sugar 

(29) 62 lbs. 75% DDT W (standard) 

(30) 6 lbs. sabadilla prep.°+6 Ibs. sugar 
(stand.) 


. San Fernando; 6/4/51 


(31) 2 lbs. 25% dieldrin W 

(32) Same as (31) +5 lbs. 15% Compound 
88R? W 

(33) Same as (31) +5 Ibs. 50% Compound 
K-64515 W 

(34) Same as 2 al lbs. 40% Compound 
R-2429 

(35) 2 qts. die Ndrin E E (1 lb. dieldrin/gal.) 

(36) 6 lbs. 50% DDT W (standard) 
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(4) (6) (8) 
0.20 0.02 0.08 
0.28 0.04 0.06 
0.12 0.02 0.06 
0.14 0.00 0.08 
0.14 0.00 0.10 
0.20 0.02 0.32 
0.16 0.00 0.24 
0.14 0.10 2.76 
Ist Application 2nd Application 
(2) (4) (2) (4) 
0.00 0.49 0.11 0.13 
0.10 0.72 0.00 0.35 
0.22 1.20 0.29 0.60 
(2) (4) (6) (8) 
0.04 0.02 0.64 6.06 
0.12 0.04 0.52 6.04 
0.26 0.24 1.56 9.94 
Ist Application 2nd Application 
(6) (8) (2) (4) 
0.00 0.34 0.10 0.06 
0.06 0.28 0.06 0.12 
0.14 2.90 0.18 0.28 
Ist Application 2nd Application _ 
(10) 2) (4) (6) 
0.38 0.39 0.36 0.60 
0.38 0.32 0.18 0.80 
0.10 0.38 0.22 0.78 
1.20 0.92 2.20 3.60 

0.60 1.20 1.70 1.80 

(2) (4) (8) 

.10 0.04 0.24 
0.08 0.06 0.16 
5.78 0.04 0.24 
0.54 0.04 — 

0.16 0.00 0.18 
0.52 0.22 0.22 
0.16 0.20 0.36 
0.18 0.12 0.60 

(6) (8) (12) 
0.00 0.18 0.22 
0.02 0.22 0.30 
0.02 0.10 0.52 
0.00 0.18 0.98 
0.02 0.48 0.70 


0.04 


1.08 


1.3 


6 
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Table 5—(Continued) 








Grove No., Location, AND DaTE(s) oF Lps. 
APPLICATION; TREATMENTS AND Drevprin/ AVERAGE No. Turips Prk TERMINAL! 
Amts./100 GALS OF SPRAY Acre/ApPL, (Wxs. ArrerR APPLICATION) 











Ist Application 2nd Application 








8. San Fernando; 5/9 & 8/15/50 (10) (2) 
(37) 4 Ibs. 25% dieldrin W 1.0 0.28 0.22 
(38) 6 Ibs. 50% DDT W (standard) — 0.34 1.60 

9. San Fernando; 5/10/50 (9) 

(39) 4 Ibs. 25% dieldrin W 1.0 0.22 
(40) Same as (39) 1.0 0.30 
(41) 7 Ibs. 14% nicotine conc.§+4 Ibs. 


sugar (stand.) — 1.10 





1 A treatment was considered commercially effective so long as the thrips population avennaed less than 0.50 thrips per terminal. 
2 2-( .-Butylphenoxy)isopropy! 2-chloroethy] sulfite. Naugatuck Chemical Div., United States Rubber Co., New York, N.Y. 
: hloropheny!-p-chlorobenzenesulfonate. The Dow Chemical Co., Midland, Mich. 

4 Bis-(p-ch rophenoxy)methane. The Dow Chemical Co., Midland, Mich. 

5 Contains 0.5 @ sabadilla alkaloid complex. Leffingwell Chemical Co., Whittier, California. 

6 Contains 1.90% sabadilla alkaloid complex. or Chemical Co., Whittier, California. 

7 ee p-nitropheny! thionobenzene phosphonate. E, I. duPont de Nemours & Co. (Inc., ) Wilmington, Del. 

8 Tobacco By- ucts and Chemical Corp., Richmond, Va. 

* p-Chloropheny! phenylsulfonone. Stauffer Chemical Co., New York, N. Y. 


Table 6.—Harvest residues of organic chloride (as dieldrin) in peel and pulp’ in navel oranges and 
lemons treated with commercial-type dieldrin sprays for the control of citrus thrips. Navel oranges 
were treated at (1) time of petal fall (May) to prevent fruit scarring and/or (2) in late summer (August) 
or September) to protect new growth. Lemons were treated twice during summer to protect new growth 
Navel oranges were sampled October 15, 1951, and the lemons September 24, 1951, for residue an- 
alyses. Applications were made with spray-duster at rate of 100 gallons per acre per application. 








ppm? DIELDRIN 








Las. IN Fruit 
Grove, LocaTION AND VARIETY; TREATMENTS APPLICATION DIELDRIN 
AND AMOUNTS PER 100 GALLONS OF SPRAY Dartx(s) AcrE/APPL. Peel Pulp! 
1. Ivanhoe; navel oran 
1 qt. dieldrin E (1 Ib. dieldrin/gal.) 5/12/51 0.25 0.5 0.0 
1 Ib. 25% dieldrin W 9/18/15 0.25 0.6 0.0 
(2 treatments) 
Ist—2 Ibs. 25% dieldrin W 5/12/51 0.5 
2nd—1 Ib. 25% dieldrin W 9/13/51 0.25 0.2 0.1 
2. Porterville; navel orange 
2 lbs. 25% dieldrin W 5/7/51 0.5 0.2 0.0 
2 qts. dieldrin E (1 lb. dieldrin/gal.) 5/7/51 0.5 0.3 0.5 
2 Ibs. 25% dieldrin W 8/29/51 0.5 0.5 0.4 
2 qts. dieldrin E (1 lb. dieldrin/gal.) 8/29/51 0.5 0.3 0.0 
Check: 12 Ibs. 25% EPN? 
1 gal. sabadilla prep.‘+4 lbs. sugar 8/29/51 — 0.3 0.4 
3. Terra Bella; navel orange 
2 Ibs. 25% dieldrin W 5/11/51 0.5 0.2 0.2 
Check: 6 lbs. 25% EPN W 5/11/51 
4 Ibs. 25% EPN W 8/28/51 — 0.0 0.0 
Check: 4 Ibs. 50% DDT W 5/11/51 
6 lbs. 25% parathion W 8/28/51 -- 0.0 0.0 
4. San Fernando; lemon 
(2 treatments) 
2 lbs. 25% dieldrin W 6/8 & 8/15/51 0.5 1.0 0.2 
2 qts. dieldrin E (1 lb. dieldrin/gal.) 6/8 & 8/15/51 0.5 Ee 0.3 
5. San Fernando; lemon 
(2 treatments) 
2 lbs. 25% dieldrin W 6/8 & 8/15/51 0.5 0.6 0.2 
2 qts. dieldrin E (1 lb. dieldrin/gal.) 6/8 & 8/15/51 0.5 1.3 0.3 


6. San Fernando; lemon 
Check: 2 treatments of nicotine-sugar® 
(June & August) 





1 Pulp refers to portion of fruit, elnting juice, remaining after peel is removed. 
2 Based on fresh weight of part concerned. 

2 Ethyl p-nitrophenyl thiobenzene phosphonate. E. I. duPont de Nemours & Co. (Inc.), Wilmington, Del. 
‘ Contains 0.5% sabadilla alkaloid complex. Leffingwell Chemical Co., Whittier, California. 

5 Commercial treatment (1 qt. nicotine sulfate +-4 Ibs. sugar/100 gal./acre/application). 
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Table 7.—Penetration and persistence of organic chloride (as dieldrin) ) in ABC! strata of peel from 
temons sprayed under field conditions with a heavy dosage’ of dieldrin. Treatments applied July 16, 
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1951 with high pressure sprayer in a standard thorough coverage manner at approximately 20 gallons 


per tree. 











Ls. 


MATERIALS AND AMOUNTS PER DievprinN- ELAPSED 
Days 


100 GALLONS OF SPRAY PER ACRE 













AVERAGE PPM.’ DIELDRIN IN PEEL 


A B Cc 





Total 














2 lbs. 25% dieldrin W 9.0 


2 qts. emulsifiable concentrate 
(1 Ib. dieldrin/gallon) 9.0 


Untreated check o— 





0 1.4 0.0 0.3 1.7 
1 0.6 0.0 0.6 1.2 
3 0.2 0.0 0.3 0.5 
7 0.5 0.1 0.5 1.1 
id 0.2 0.0 0.4 0.6 
31 0.1 0.1 0.2 0.4 
0 1.1 0.1 0.6 1.8 
1 0.2 0.0 0.8 1.0 
3 0.1 0.0 0.6 0.7 
7 0.1 0.0 0.4 0.5 
15 —_ 0.0 0.4 oa 
31 0.0 0.1 0.3 0.4 
0 0.1 0.0 0.0 0.1 
1 0.0 0.0 0.1 0.1 
3 0.0 0.0 0.2 0.2 
7 0.0 0.1 0.1 0.2 
15 — 0.0 0.2 _— 
31 0.0 0.0 0.1 0.1 





1 A—residue adhering to wax layer; B—residue within wax layer; C—residue penterated below wax la, 


2 This d was applied specifically for residue studies and was in excess of that required to contro a thrips. 


* Based on fresh aa t of entire fruit. 


concentrate formulation in preventing 
fruit scarring. 

Effect of adding sugar.—The addition 
of 2 to 4 pounds of sugar per 100 gallons 
of spray to dieldrin sprays was of no prac- 
tical benefit when dieldrin was applied 
at the rate of 0.5 pound per acre (Table 
4, Grove 5; Table 5, Groves 5, 6, 9) or 
1.0 pound per acre (Table 4, Grove 6; 
Table 5, Grove 9). 

Compatibility with zinc-containing nu- 
tritional supplements and certain pesticides. 

—Certain experiments were conducted in 
which commercial treatments of zinc 
oxide and zinc sulfate, applied for control 
of zine deficiency in the trees, were added 
to dieldrin sprays applied for control of 
citrus thrips. Typical results are shown 
in table 4 (Grove 2). There is no evidence 
that either zinc compound as used inter- 
fered with the effectiveness of dieldrin 
sprays in controlling citrus thrips to pre- 
vent fruit scarring. 

Other experiments involved the com- 
bining of pesticides (Compounds 88R,! 
K-6451,?, K-1875,? R-242,4 or EPN®) 
with dieldrin sprays. When added at the 
rate of 20 pounds of 15 per cent wettable 
powder per 100 gallons of spray, Com- 
pound 88R apparently reduced the effec- 
tiveness of dieldrin in controlling citrus 






thrips to prevent fruit scarring (Table 4, 
Grove 1) on navel oranges, and to pro- 
tect new growth on lemons (Table 5, 
Grove 6). The addition of 20 pounds of 
40 per cent Compound R-242 wettable 
powder or 10 pounds of 50 per cent Com- 
pound K-6451 wettable powder per 100 
gallons of spray also reduced the effec- 
tiveness of dieldrin (Table 4, Grove 1; 
Table 5, Grove 6) but to a less extent than 
did Compound 88R. This reduction in 
effectiveness of dieldrin sprays for thrips 
control by the addition of the above 
miticides is not clearly understood. It may 
be the result of the presence of relatively 
large amounts of suspended solids in the 
sprays masking the effectiveness of diel- 
drin rather than chemical incompatibility 
since the addition of lesser amounts of 
compounds 88R, K-6451, K-1875, R-242, 

r EPN apparently did not reduce the 
effectiveness of dieldrin in other experi- 
ments (Table 5, Groves 1, 5, 7). 


1 2-(p-tert.-butylphenoxy) ‘opyl 2-chloroethy! onan. 
Naugatuck Chemical Daiod United States Rubber Co., New 
for “| 
2 p-chloroy henyl-p-chlorobenzene sulfonate. The Dow Chem- 
ey Ne A, he. Dow Connie 
i lorophenoxy)-methane. The w Chemical Co., 
Midlands Mich - 
vi borophenyl phenylsulfone. Stauffer Chemica] Co., New 
Yor 


> Ethyl p-nitrophenyl thiobenzene phosphonate. E. I. du- 
Pont de Nemours & Co. (Inc.), Wilmington, Del. 
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Table 8.—Effect of various treatments applied 
for the control of citrus thrips on grapefruit in the 
Coachella Valley on the population of vedalia, 
the ladybird predator of cottony-cushion scale. 
Applications made with spray-duster at the rate 
of 100 gallons per acre on April 20, 1951. 








Vepauia Poputation Counts! 


Pu 
Cases 


Las. 

MATERIALS AND DIELDRIN 
AMOUNTS PER 100 PER 
Gauuons oF Spray AcRE 


2 Ibs. 25% dieldrin W 0.5 





Date Living 





i—] 
= 


4/30/51 
5/16/51 
6/6/51 
6/20/51 
7/5/51 


“ 
Cn mw 
Qouae 


0. 
9. 
ae 
2 qts emulsifiable con- 
centrate (1 Ib. di- 
eldrin/gallon) 0.5 4/30/51 
5/16/51 
6/6/51 
6/20/51 
7/5/51 


4/30/51 
5/16/51 


a 


8 lb. 50% DDT W 
(standard) 


os 


1 gal. Sabadilla —_ 
oes -_ = oun 
pa 5/16/51 

6/6/51 
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the pulp; the net average amounts to 0.4 
p.p.m. in the peel and 0.0 p.p.m. in the 
pulp of the treated fruit. 

On the basis of these analytical values 
it would appear that 1 or 2 treatments 
of dieldrin applied at the rate of 0.5 
pound per acre per application will result 
in an average of less than 0.5 p.p.m. 
apparent dieldrin in the peel (based on 
fresh weight of peel) and no detectable 
amounts in the pulp of fruit harvested at 
least 30 days after the last application. 

Studies were also made of the penetra- 
tion and persistence of dieldrin residues 
in the ABC (see footnote 9) peel strata 
of lemons following thorough-coverage 
spray treatments of dieldrin applied over 
fully ripe fruit. These sprays contained 
0.5 pound of dieldrin, either as a wettable 
powder or as an emulsifiable concentrate 
formulation, per 100 gallons. Applica- 
tions were made at the rate of 20 gallons 


M 1IGoape 


“ 
AS ee 


6/20/51 


7/5/61 per tree, which amounted to approximate- 


ly 9.0 pounds of dieldrin per acre. ‘This 
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1 Counts on 4/30/51 and 5/16/51 are average number of living 
vedalia per 10 cottony-cushion scale colonies; later counts are 
average number of living vedalia or pupal cases per tree observed 
during a 2-minute search. 

2 Contains 0.5% sabadilla alkaloid complex. Leffingwell 
Chemical Co., Whittier, California. 


Fruit residues—In table 6 are shown 
the harvest residues of organic chloride 
(as dieldrin) in the peel and pulp of fully 
ripe navel oranges and lemons resulting 
from commercial-type applications of 
dieldrin sprays applied for the control of 
citrus thrips. The amounts of apparent 
dieldrin ranged from 0.2 to 0.6 p.p.m. 
in the peel and from 0.0 to 0.5 p.p.m. 
in the pulp of navel oranges treated with 
dieldrin in May or August or September 
(Table 6, Groves 1, 2, 3) when they were 
harvested in October; in comparison, 
fruit not treated with dieldrin (Table 
6, Groves 2, 3) the range was from none 
to 0.3 p.p.m. in the peel and from none 
to 0.4 p.p.m. in the pulp; this results in 
a net average of 0.3 p.p.m. in the peel and 
0.0 p.p.m. in the pulp of treated oranges. 

On lemons treated with dieldrin sprays 
in June and again in August (Table 6, 
Groves 4, 5) the amounts of apparent 
dieldrin ranged from. 0.6 to 1.3 p.p.m. 
in the peel and from 0.2 to 0.7 p.p.m. 
in the pulp of fruit harvested approxi- 
mately six weeks after the second appli- 
cation; in an adjacent grove not receiving 
a dieldrin treatment (Table 6, Grove 6) 
an average of 0.6 p.p.m. apparent dieldrin 
was found in the peel and 0.4 p.p.m. in 


quantity is considerably more than the 0.5 
pound dosage required for the commercial 
control of citrus thrips and was used for 
ABC studies only. The fruits were sam- 
pled for analyses immediately after appli- 
cation when the spray residues had dried, 
and 1, 3, 7, 15, and 31 days later. The 
results, which are summarized in table 7, 
show that dieldrin penetrated fairly 
rapidly into the inner portion (C) of the 
peel for both formulations; the emulsi- 
fiable concentrate formulation was some- 
what faster in this regard than the wet- 
table powder as is shown by the residue 
values at 0, 1, and 3 days after applica- 
tion. Apparently dieldrin does not accu- 
mulate in the wax layer of the fruit (B) as 
only trace amounts of dieldrin were de- 
tected in this layer on any of the dates 
sampled. The loss of total dieldrin (A+B 
+(C) was rapid, amounting to more than 
75 per cent within 31 days after the treat- 
ments were applied. There was no ap- 
preciable difference between the formula- 
tions in this regard. The background 
chloride (calculated as dieldrin) in the 
untreated fruit ranged from 0.0 to 0.2 
p.p.m. in the different peel strata. 

Effect on beneficial insects.—There was 
an opportunity in these studies to observe 
the effect of dieldrin applications on the 
population of vedalia, Rodolia cardinalis 
(Muls.), the ladybird predator of cottony- 
cushion scale, Jcerya purchasi Mask., in 
a grapefruit grove that had a fairly heavy 














population of this scale at the time of 
treatment. Dieldrin was applied at the 
rate of 0.5 pound per acre at time of petal 
fall to prevent fruit scarring at which 
time a few scattered vedalia were feeding 
on the cottony-cushion scale. Observa- 
tions were made throughout the summer 
on the population of vedalia and the re- 
sults are summarized in table 8. The first 
records taken on April 30, ten days after 
the treatments were applied, showed liv- 
ing vedalia in both the dieldrin-treated 
plots and in the plots treated with saba- 
dilla-sugar. In contrast no living vedalias 
were found in the plot receiving the DDT 
treatment until June 6, approximately 6 
weeks after the application. The vedalia 
pupal case records, which afford a meas- 
ure of the numbers of vedalias able to 
complete their development on the trees 
counted, showed only slight differences 
between dieldrin-treated and _ sabadilla- 
treated plots; however, the number of 
pupal cases found in the DDT-treated 
plot was relatively low. It is therefore 
apparent that dieldrin sprays as applied 
in this grove were less detrimental to ve- 
dalia than was the standard DDT treat- 
ment. Observations in other groves 
treated with similar sprays of dieldrin 
indicate this insecticide does not greatly 
interfere with the activity of vedalia. 

The population of soft scale, Coccus 
hesperidum (L.), was also evaluated in 
groves treated with dieldrin to determine 
whether such treatments result in ab- 
normally high populations of this pest 
through elimination of its parasites such 
as occurs in certain groves following treat- 
ments of parathion (Bartlett & Ewart 
1951, Elmer et al. 1951). Throughout 
these studies there was no evidence of the 
development of heavy populations of soft 
scale following experimental field appli- 
cations of dieldrin for control of citrus 
thrips. 

SuMMARY.— Results obtained over a 3- 
year period with dieldrin sprays applied 
for the control of citrus thrips, Scirto- 
thrips citrt (Moult.), to prevent fruit 
scarring of navel oranges and grapefruit, 
and to protect new vegetative growth on 
lemons are presented. 

It was found that a dosage of 0.5 pound 
of dieldrin per acre applied in sprays at 
the rate of 100 gallons per acre with a 
spray-duster prevented fruit scarring in 
groves having heavy thrips populations 
and in groves where citrus thrips had 
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apparently become resistant to DDT. 
At this dosage level there was no appre- 
ciable difference between emulsifiable 
concentrate and wettable powder formu- 
lations of dieldrin. At 0.25 pound of diel- 
drin per acre commercial thrips control 
was obtained in groves having moderate 
but not heavy populations of thrips. 
There was no advantage of 1.0 pound over 
0.5 pound of dieldrin per acre in the con- 
trol of citrus thrips. 

For protection of new growth on lemons 
0.5 pound of dieldrin per acre afforded 
commercial control for 8 weeks or longer 
in groves having light or moderate thrips 
populations throughout the summer, ana 
from 4 to 6 weeks in groves where heavy 
thrips populations occurred. In compari- 
son, standard treatments of DDT, nico- 
tine-sugar, sabadilla-sugar, and tartar 
emetic-sugar remained effective for 4 to 
6 weeks in groves having light to moderate 
populations, and from 2 to 4 weeks in 
groves having heavy populations. 

The addition of sugar did not improve 
the effectivensss of dieldrin sprays in 
controlling citrus thrips. 

It was found that commercial dosages 
of zine oxide or zinc sulfate, applied for 
zine deficiency in the trees, could be 
added to dieldrin sprays without reducing 
the effectiveness of the dieldrin. However, 
the addition of 20 pounds of 15 per cent 
Compound 88R wettable powder, or 20 
pounds of 40 per cent Compound R-242 
wettable powder, or 10 pounds of Com- 
pound K-6451 per 100 gallons of spray 
apparently reduced the effectiveness of 
dieldrin sprays. Reasons for this apparent 
reduction in effectiveness are not under- 
stood but the presence of relatively large 
amounts of solid materials in suspension 
in the sprays may have masked the toxic- 
ity of dieldrin to citrus thrips; there is 
evidence for this explanation rather than 
for chemical incompatibility since smaller 
amounts of the above miticides as well as 
other pesticides, including Compound 
K-1875 and EPN did not produce this ef- 
fect when added to dieldrin sprays in 
other experiments. 

Residues of dieldrin in fruit were deter- 
mined by means of a total chlorine method 
described in detail, that permitted deter- 
mination of microgram quantities of 
dieldrin residues with a sensitivity of 
0.1 to 0.2 part per million. This method 
involved the micro-combustion technique 
for the quantitative determination of 
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organic chlorides and was adapted for 
residue studies of dieldrin in citrus ex- 
tractives. Inorganic chlorides were elimi- 
nated by water washing of the organic 
solvent extract mixture, and the final 
extractives were burned at 1000° C. in a 
stream of oxygen to CO., H.O, and the 
hydrogen halide which was then deter- 
mined potentiometrically. 

Harvest residues in navel oranges, sam- 
pled in October, which had been treated 
with 0.5 pound of dieldrin per acre in 
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tration and persistence of dieldrin residues 
in the peel of lemons it was found that 
penetration of dieldrin from the surface 
(A) to the inner portion (C) of the peel 
was more rapid for an emulsifiable con- 
centrate than for a wettable powder 
formulation. There was little, if any, 
accumulation of dieldrin in the wax layer 
(B) of the fruit. The loss of total dieldrin 
(A+B+C) amounted to more than 75 
per cent within 31 days after application, 
with no appreciable difference between 


formulations in this respect. 

Dieldrin sprays applied for the control 
of citrus thrips did not interfere with 
vedalia, Rodolia cardinalis (Muls.), the 
ladybird predator of cottony-cushion 
scale, Icerya purchasi Mask., as does 
DDT. There was no evidence that popu- 
lations of soft scale, Coccus hesperidum 
(L.), increased abnormally as a result of 
dieldrin eliminating its parasites. 


May or August or September amounted 
to a net average of 0.3 p.p.m. apparent 
dieldrin in the peel and 0.0 p.p.m. in the 
pulp over amounts found in untreated 
fruit. Similarly, lemons treated with the 
same dosage in June and again in August 
had a net average of 0.4 p.p.m. apparent 
dieldrin in the peel and 0.0 p.p.m. in the 
pulp when harvested six weeks after the 
second application. 

In ABC studies to determine the pene- 
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Biology and Control of the Imported Fire Ant 
in Mississippi 
H. B. Green, State College, Miss. 


The imported fire ant, Solenopsis periments and observations in the vicin- 


saevissima var. richteri Forel, has spread 
to many parts of the southeastern United 
States since its introduction in the vicin- 
ity of Mobile, Alabama, since the turn of 
the century. It is a rather spectacular pest 
due to its mound building and extremely 
vicious stinging habits. For these reasons 
people in infested areas have pressed for 
recommendations for its control. 
Information in this paper covers ex- 


ity of Artesia, Mississippi, during 1949 
and 1950. This infested area was roughly 
15 miles square in 1949. The soil is pre- 
dominately a heavy black clay underlaid 
with lime rock. The land was largely in 
pasture, meadow, and hardwood forest, 
with some row cropping. 

The degree of infestation by the im- 
ported fire ant was correlated with the 
land use. Very few colonies were found in 
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the hardwood forests or the meadows 
which were predominantly Johnson grass, 
while the heaviest concentrations of 
colonies were found in the pastures where 
the sod was largely paspalum or Bermuda 
grass and often clovers. Rather heavy 
infestations were found in the rowcrop 
land where cotton, corn or sorghum was 
grown. 

During this investigation there was 
only one report of the ants invading a 
home, although mounds were frequently 
found in dooryards. Parents of small 
children were particularly concerned 
about these infestations, because of the 
danger of severe stinging. When a mound 
is disturbed, thousands of ants may swarm 
out and attack the intruder, and stings 
often fester and take several days to heal. 
Numerous complaints of stinging were 
heard from field workers, particularly 
during cotton harvest. One case was re- 
ported of a field worker seeking the aid 
of a doctor. 

The most serious damage done by the 
imported fire ant is the building of very 
large mounds. The mounds, which are 
often reinforced and camouflaged by grass 
growing in them, are detrimental to farm 
machinery. This is particularly true of 
mowing machines and combines used in 
pastures. 

BroLtocy.—The mounds vary in size 
up to about 3 feet in diameter and height, 
but most mounds measure about 18 
inches. The mounds offer a gradient of 
temperature and humidity for brood rear- 
ing and during wet weather, they furnish 
better drained galleries for the ants. The 
mounds tend to be taller on low land than 
on higher, better drained soil, and during 
dry weather, the mounds are built flatter 
than in wet weather. Wherever it is pos- 
sible, colonies move to drier ridges such as 
fence rows, terraces, pond dams, ditch 
banks, stumps, or road banks. New col- 
onies are usually established, however, 
on wet natured land. Population pressure 
seems to limit the large colonies to a spac- 
ing of about 30 to 40 feet. 

The ants may change the location of the 
mounds quite often. One colony is known 
to have constructed three mounds in 
twenty-four hours. Every colony in a 
locality may change the location of their 
mounds in a single day, and then as sud- 
denly reoccupy the old sites. 

There are usually five or six tunnels 
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radiating from each mound, at a depth 
of about one-quarter inch. Tunnels over 
80 feet long have been traced with nu- 
merous branches. Many of these structures 
are more or less permanent, but tempo- 
rary ones may be constructed to a food 
source in a matter of hours. Ordinarily 
very few of the ants may be seen on the 
surface of the ground. 

A study of food habits revealed that 
this ant is practically omnivorous. Seeds 
and juices of many plants are eaten, and 
fragments of leaves and stems are used 
to patch the mound during dry weather. 
They are known to tend several species 
of aphids and mealybugs. Dirt chimneys 
are often constructed around their charges 
above ground. Several mealybugs were 
found stored in a cavity in one tunnel 
during cold weather. These ants have 
been seen to attack and eat many kinds 
of insects. 

There are five easily recognizable types 
of adult individuals in most large colonies 
of the imported fire ant. They are: alate 
males and females, dealated females, and 
major and minor workers. Some authori- 
ties have also recognized a media worker 
form. Very young colonies have minim 
workers and dealated females. Two color 
phases have been noted in the Artesia 
area. The most common color is a dark 
brown, almost black, with a honey colored 
band across the mid-dorsal portion of the 
abdomen of the females and larger work- 
ers. A few colonies have been seen in 
which the ants were a reddish tan color. 
No colonies with individuals of both 
colors were seen. This is a point of interest 
since as many as 25 dealated females have 
been found in a single colony. A number 
of colonies in the area of Mobile were 
examined and a large variation of colors 
and sizes were seen. The habitat seemed 
to regulate the colors found in the Mobile 
area.! 

There is considerable variation in the 
speed with which colonies increase in size 
but about two years are required for a 
colony to reach maturity or stability in 
size. Food supply within foraging range is 
possibly the reason that colonies do not 
increase in size indefinitely. 

The first eggs of the year are laid in 
the large colonies early in March. These 
eggs give rise only to alate males and 


1 Courtesy of Leyburn F. Lewis, U.S.D.A,, B.E.P.Q. Divi 
sion of Insects Affecting Man and Animals. 
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Table 1.—Average distribution of sexual and worker brood pupae in 1949 and 1950. 














Per CENT Per Cent Per CENT 

Worker Pupak Mate Pupar FEMALE PupAE 

1949 1950 1949 1950 1949 1950 
Late April 29.79 —_ 60.87 _ 9.31 — 
Mid May 57.66 44.12 29.16 39.61 13.17 16.24 
Early June 94.63 91.19 4.13 6.99 1.95 1.84 
Late June 99 .62 95.73 0.28 0.92 0.08 3.20 
Early August — 98.17 — 1.13 — 0.67 
Mid August — 98 .86 — 0.56 _ 0.56 
Late August 98.71 99.91 0.62 0.08 0.65 0.00 
Early September — 97.22 _— 2.07 — 0.69 
Mid September 92.14 98.41 7.64 0.99 0.20 0.58 
Late September 99 .09 —- 0.90 -— 0.00 — 
Mid October 99.75 98 .22 0.11 0.57 0.13 1.20 
Late October 78.49 —_— 20.95 —_ 0.53 _ 
Mid November —_ 100.00 “= 0.00 — 0.00 





females. Individuals of the sexual brood 
range up to about three-eighths inch in 
length and are often present by hundreds. 
Several weeks after the sexual brood is 
started, all colonies begin producing 
worker brood. 

Sample counts of the pupae of males, 
females, and workers from average sized 
mature colonies were made during 1949 
and 1950. Larvae were not counted since 
the various types of individuals could not 
be distinguished. Since no practical meth- 
od could be devised to determine the 
variation in total numbers of pupae of 
the various types of individuals produced 
in a colony, their numbers were calculated 
as a percentage from a sample counted 
from a colony. Table 1 was prepared from 
averages of usually six samples, contain- 
ing from about 100 to 2000 pupae. Exami- 
nations before the first counts each year 
revealed all sexual brood, therefore no 
counts were made. 

The percentage of sexual brood pro- 


duced dropped rapidly in early summer, 
but did not stop entirely until the ap- 
proach of winter when all brood produc- 
tion stopped. 

Large flights of both sexes of the alate 
forms were observed on sunny days in the 
early part of both summers. These flights 
were attended by great activity of the 
workers on the plants around the mounds. 
Following the flights there was a short 
period during July when no alate forms 
could be found in the mounds although 
sexual pupae were present. At all other 
times during the year, the alate forms of 
both sexes could be found in the mounds. 

Large numbers of small new colonies 
have been found during the late summer. 
On poorly drained land these were often 
about 20 feet apart. An experiment was 
started in the fall of 1949 to determine 
the fate of a group of such colonies, but 
no method could be devised to maintain 
their identity, due to their many, and ap- 
parently aimless, shifts. By mid-winter 


Table 2.—Comparison of methods of applying 5 per cent chlordane dust. 








NUMBER OF Mounpbs 


CorRECTED 
PERCENTAGE 
or Mounp 


SQuARES INCHES OF 
Mowunp AREA 








AREA 

Before After Beore After REDUCTION 
Treat- Treat- Per Cent Treat- Treat- AFTER 
ment ment Reduction ment ment TREATMENT 

1. Holes punched, handgun dusted 43 22 48.8 4527 1535 80.7 

2. Dust gun with high volume air 42 35 16.7 6842 2109 82.4 

3. Spaded and dusted 45 18 60.0 3015 643 87.9 

4. Hoed and dusted 46 20 45.5 4461 663 91.5 

5. Check no treatment 41 41 0.0 3383 5938 — 





Calculated by a modification of Abbott’s Formula. Each treatment was calculated as a percentage reduction in mound area, cor- 
rected for seasonal increase in mound size as is indicated by the check. 
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only about 10 per cent of the mounds were 
surviving, and these were located on 
higher ground. 

InsEectIcIpE ContROL EXPERIMENTS.— 
A study of the terrain in the infested area 
around Artesia revealed that control 
measures would be limited by vegetation, 
farming practices, and soil type. 

Due to tall grasses, mound by mound 
poison application would be limited to 
cold weather after frost, when more of 
the mounds could be seen. Extremely 
muddy conditions usually prevailing in 
cold weather would limit these control 
methods to hand equipment. Also, the 
very large acreages involved would make 
applications of high volume water diluted 
insecticides impractical. The location of 
many mounds in inaccessible places 
would make it impractical to combine 
insecticides with land tillage for eradica- 
tion purposes. 

The only methods considered, therefore, 
were mound by mound hand treatment 
with dusts, baits and fumigants, and area 
treatments of dusts, low volume sprays, 
and baits. 

Preliminary mound by mound treat- 
ments with dusts of a number of organic 
insecticides gave high mortalities; how- 
ever, it soon became evident that there 
were considerable numbers of ants escap- 
ing and making new mounds nearby. 
There were often small mounds in the 
area which were not found during the 
application of treatments and these added 
to the difficulty in determining the results. 
Field toxicity tests gave little quantitative 
information on the various insecticides 
tested, but it was evident that dusts of 
5 per cent chlordane and 2.5 per cent 
aldrin and dieldrin were better than 3 
per cent gamma isomer BHC, 20 per cent 
toxaphene or 10 per cent DDT or meth- 
oxychlor. Due to its lower order of toxicity 
to warm-blooded animals, chlordane was 
preferred over aldrin and dieldrin. 

It was found in laboratory toxicity tests 
that as low as 0.125 per cent dusts of 
chlordane, aldrin and dieldrin gave com- 
plete kills in twenty-four hours. Before 
an LD5 was reached however, these tests 
were discontinued due to the extremely 
low concentrations of dusts involved. 

While conducting the preliminary tests, 
several methods of dusting mounds were 
used with varying success. A test was 
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conducted using 5 per cent chlordane 
dust applied by four different methods 
which seemed to have the most merit. 
These were as follows: Treatment 1 
consisted of punching holes in the mound 
surface at intervals of about 4 inches, and 
blowing the dust into the holes with a 
hand plunger duster. Treatment 2 made 
use of a dust gun which delivered a high 
volume of dust-laden air under a moderate 
pressure. The large delivery tube of the 
gun was pushed to the center of the mound 
before pumping. After dusting, the gun 
was used to pump air into the mound to 
further distribute the dust. Treatment 3 
consisted of dusting the ground around 
the mound, then spading and scattering 
the mound out on the dusted surface. 
The hole where the colony was dug up 
and the spaded dirt and the ants were 
then dusted again. Treatment 4 was a 
modification of Treatment 3. Instead of 
spading the mound out, it was only hoed 
down level with the ground. In treat- 
ments 3 and 4 the dust was applied 
through a double thickness of burlap sack 
which was carried in a bucket from one 
mound to another. Dusting the ground 
with a gun caused a billowing and loss of 
dust. 

Travis (1938) tested baits on a related 
species of ants. In his tests all mounds in 
a given area were given the same treat- 
ment to avoid difficulty in determining 
the number of surviving colonies. A 
modification of this technique was used 
in the test described above. Adjacent areas 
containing about 45 mounds were buf- 
fered by stips of the same treatment about 
fifty feet wide. The average diameter of 
each mound in each treatment was meas- 
ured before treating, and the ground area 
covered by the mounds was calculated 
considering the mounds as circular. Two 
weeks after treatment all the mounds in 
the test including the check were hoed 
down level and time was allowed for the 
surviving ants to rebuild. The number 
and diameter was again recorded to calcu- 
late the amount of reduction for the vari- 
ous treatments. 

The numbers of surviving mounds show 
more variance than the percentages of 
areas surviving; however, the spaded and 
hoed treatments were superior to those 
which were dusted with either type of 


gun. 
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A number of observations and experi- 
ments in 1949 explain the difference in 
results from various methods of applica- 
tion. It was noted that when a mound 
was dusted, the ants surviving the treat- 
ment moved a few feet away and started 
a small, new mound. To learn more of 
how this happened, a small trench about 
2 inches deep and a foot from the mound 
was dug around several mounds. These 
trenches allowed observations of the activ- 
ity of the ants in their tunnels. After dig- 
ging the trench, the ants soon resumed 
normal traffic. A few alate forms of both 
sexes were observed in the tunnels at 
various times and occasionally ants were 
seen carrying brood in the tunnels. After 
studying the normal traffic flow, the 
mounds were dusted with the high volume 
gun or were fumigated. Within a few 
minutes after treatment, the ants, includ- 
ing alate forms, would start moving from 
the mound. Many of the ants carried 
brood with them. A few hours after treat- 
ment, brood could be found cached in 
imany spots near the mound. It was found 
that they would move under almost any 
object nearby. Boards placed on the 
ground were used to trap brood from 
treated mounds. Samples of this brood 
were taken to the laboratory and placed 
in jars for rearing. Most of the brood 
carried from the treated mounds survived 
as long as untreated check samples. 

Area treatments with dust of 1.25 
pounds of chlordane and spray of 1.75 
pounds chlordane per acre killed many 
ants, but only small colonies were eradi- 
cated. Large colonies were weakened, but 
survived the treatment. No land tillage 
was used in the test. 

Various dosages of methylbromide, 
chlorpicrin, acrilonitrile, carbon disul- 
phide, and cyanide were used at various 
times of the year with varying tempera- 
ture and soil moisture. Best results were 
obtained in hot weather, but all fumiga- 
tion was inferior to mound dusting with 5 
per cent chlordane. Survivng ants put 
ventilating holes in some mounds fumi- 
gated with methylbromide in warm 
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weather and moved back in the mound 
in a few days. 

A number of bait materials were tried 
with captive colonies and on foraging 
trails of ants in the field. The most at- 
tractive material found was corn meal 
moistened with vegetable oil. Other ma- 
terials tested were meats, fish meal, 
pecan meal, poultry mash, cotton seed 
hulls, bran, both dry and oiled, and 
various combinations of sugar syrup, 
molasses and honey. There was some ac- 
ceptance of all these materials on the 
ground surface, but when the bait was 
introduced directly into a mound, it was 
sealed in a mass of dirt and ignored. 

DDT and dieldrin were incorporated 
with the corn meal by putting them in 
solution with the vegetable oil, but even 
a trace of either poison rendered the bait 
repellent to the ants. 

Ten ml. of saturated thallium sulphate 
solution was added to 100 grams of corn 
meal prior to adding 30 grams of oil to 
form a bait. This material was very effec- 
tive on captive colonies, but it was ig- 
nored when scattered in the field around 
the mounds. 

SummMary.—Observations and experi- 
ments on the imported fire ant, Solenopsis 
saevissima var. richteri, Forel, were con-* 
ducted in the vicinity of Artesia, Missis- 
sippi during 1949 and 1950. The large 
mounds that this ant builds constitute 
the most serious objection to its presence. 
The numerous sexual forms produced and 
the inaccessible location of many mounds 
make complete control practically impos- 
sible. 

Dusting mounds with 5 per cent chlor- 
dane, the most effective poison tested, 
gave good control by several methods of 
application, but some ants usually sur- 
vived in the treated areas. 

Area treatments with dusts and low 
volume sprays of chlordane without tillage 
were effective only against small colonies. 

Fumigation of mounds with various 
chemicals gave generally poorer control 
than dusting, and baits were not effective 
in the field. 
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Factors Affecting Evaluation of Insecticides 
against Anopheles Larvae 
C. W. Krusé', G. F. Lupvix, and W. B. Hawkins, Tennessee Valley Authority 


In the course of attempts to obtain 
valid statistical comparisons within stand- 
ard deviations of relatively narrow limits 
for different larval populations of Ano- 
pheles quadrimaculatus Say treated with 
DDT, several factors of interest were 
encountered. Our early work was carried 
out using definite numbers of larvae in 
definite volumes of DDT suspensions. 
Varying concentrations of DDT were 
prepared on a parts per million basis. 
This procedure has been used by a num- 
ber of other workers, viz., Deonier et al. 
(1945), Kearns et al. (1945), Deonier & 
Jones (1946), and Deonier et al. (1946), and 
is apparently considered to be the stand- 
ard method for testing mosquito larvae. 
It is highly satisfactory for either com- 
parative or screening tests as long as the 
numbers of larvae, the volume of solution 
or suspension, the surface area, and the 
type of container are kept constant for 
comparative tests or between laboratories. 
Trapido (1951) has recently stressed that 
these and other factors should be kept 
constant to obtain valid comparable test 
results. The average results of such tests, 
however, are subject to wide variation 
in the standard deviations. This is illus- 
trated in table 1. These wide deviations 
can be reduced in some degree by increas- 
ing the size of the larval sample since it 
is readily acknowledged that all things 
being equal the larger the sample the less 
will be’ the variation in results. This is 
illustrated in figure 1. Here the average 
expected kill is plotted against the ex- 


pected range in mortality due to chance 
sampling in repeated trials for different 
sizes of sample. From a practical point 
of view the size of sample should be 
selected with consideration for the num- 
ber of larvae available for testing. It 
would seem desirable to select smaller 
numbers with several duplicates rather 
than a single test with very large num- 
bers. 

During the course of our work, the 
decision was made to change the container 
type from small glass jars to less fragile 
single service containers to eliminate the 
tedious cleaning operations necessary to 
avoid contamination. The pint ice cream 
cartons used required a greater volume of 
solution than did the glass jars and 
gross differences in test results appeared. 
These differences were partially recon- 
ciled when the total amount of DDT pres- 
ent in the two types and sizes of contain- 
ers was considered. For example, one liter 
of solution made up to one part per million 
will contain 1000 micrograms of DDT 
while 100 cc. of the same solution will 
contain only 100 micrograms. The num- 
bers of larvae used per container will 
likewise affect the quantity of DDT 
theoretically available per larva. To illus- 
trate, when 10 larvae are placed in 100 
ce. of a solution containing 100 micro- 
grams, each larva may be considered to 
be treated with 10 micrograms. When 
100 larvae are introduced into the same 


1 Johns Hopkins University, Consultant to the Malaria Con- 
trol Branch. 


Table 1.—Summary of data obtained on the mortality of 20 early fourth instar A. guadrimaculatus 
larvae in 100 cc. of distilled water containing 0.1 per cent isopropyl alcohol and various amounts of 


p,p’-DDT at 64-78° F. 








AVERAGE 


MicrocraMs DDT prr cc.! 





Per CENT 


Morrauity? 0.2 


0.05 0.02 0.005 0.002 





73.70 
+17.23 


80.64 
+20.02 


94.96 
+8.26 


24-Hour® 


é 3.39 


41.89 
£ +5.18 


28 .29 4.9 
+22.03 +5.2 





95.91 
+4.98 


99 .07 
£2.21 


100.00 
+0.00 


48-Hour* 


10.38 
+16.06 


15.07 
+ 20.25 


2.11 
+32.09 





1] microgram per cc. equals one part per million. 


2 Observed treatment mortality corrected for mortality in the check treatments by means of Abbott’s formula, 


8 Means of 22 replicates. 
4 Means of 19 replicates. 
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Table 2.—Corrected 24-hour mortality of 
early fourth instar larvae of A. quadrimaculatus 
to 0.1 ppm of DDT per liter in alcohol-distilled 
water suspension. 








Per Cent 
Con- ConTroL 
TROLS Mor- 
Usep TALITY 


OrpDER Per No. 
OF CENT 
Intro- No. Mor- 
pucTion Usep_ Tauity! 


Test No. 1 
W. D. Insectary 1 200 68 205 
Beaver Dam 2 190 24 191 
Orlando 3 206 16 200 


Test No. 2 
W. D. Insectary All 205 67 219 
Beaver Dam at the 201 62 200 
same 
time 200 83 196 


Mosquito 
STRAIN 





Orlando 





1 Corrected by Abbott’s formula. 


solution the treatment rate would be only 
one microgram per larva. 

Of great importance is the mass-surface 
area relationship per larva. This can only 
be determined by experiment. The results 
of such an experiment are shown on figure 
2. It can be observed that with the same 
applied dosage of DDT, the average kill 
may vary from 80 per cent to 1.5 per cent 
just by increasing the number of larvae 
used in the test. The arrows indicate 
the expected variation in kill computed 
on the number of larvae actually used. 
In most instances the standard deviation 
of the test was greater than the theoretical 
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Fig. 1.—Effect of size of larval sample upon range 
in mortality of replicated tests. 
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CORRECTED PER CENT 
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NUMBER OF (aRVSE PER SQUARE IncH 








24 “OUR 





Fic. 2.—Effect of size of larval sample upon the mor- 
tality produced by 0.2 micrograms of p,p’-DDT per 
square inch of surface applied as a kerosene film. 


value and the variation was greatest with 
densities greater than one larva per square 
inch. Crowding apparently has very little 
effect on the 24-hour control mortality, 
provided the larvae used are well fed prior 
to testing. The highest mortality observed 
in controls was largely due to cannibal- 
ism. 

The resulting response shown in figure 2 
may be attributed to many complex 
factors. Allee (1926, 1932) discusses cooper- 
ative actions among life forms in general. 
He indicates that organism surface-to- 
mass ratios may be both beneficial and 
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Fic. 3.—Amounts of DDT remaining in suspension 
in alcohol-distilled water upon standing in three 
types of containers. 
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Fic. 4.—Amounts of DDT remaining in suspension 
in xylene-7 rez emulsion upon standing in three types 
of containers. 
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detrimental. While the theoretical dis- 
cussion is based primarily on animal ag- 
gregations, the theory of surface niass 
ratios offers an insight into the problems 
of bioassay. The mortality of the larvae 
roughly follows the amount of toxic 
material available per larva. With un- 
crowded larval densities it is difficult to 
determine how much of the DDT in the 
test solution is actually available to the 
larvae. It is certain that only a fraction 
of the total amount is used when large 
areas of the surface are not occupied by 
the larvae. If one could assume a random 
distribution of larvae over the entire sur- 
face the problem would be simpler. How- 
ever, it is well known that for the most 
part Anopheles larvae will rest along the 
edges of the container until crowding oc- 
curs. When crowding occurs there is an in- 
creased activity which results in greater 
contact with the DDT but at the same 
time there is a reduction in the amount of 
toxic material available per larva. Toxicity 
tests with large numbers show an in- 
crease in the number of larvae killed as 
compared to tests utilizing smaller num- 
bers, even though the per cent mortality 
indicates the opposite situation. The num- 
ber of larvae used can be increased up to 
a point where, with a given dose, a maxi- 
mum number of dead will occur. Beyond 
this size of sample no greater number can 
be killed regardless of the number added 
to the test solution. 

The effects of the container upon the 
test results were not appreciated until 
a series of carefully controlled parallel 
tests were carried out. For these, in addi- 
tion to the insectary strain, two other 
strains, one from the laboratory at Orlan- 
do, Florida, and another from the Beaver 
Dam Creek area of Kentucky Reservoir, 
were reared to insure that environmental 
factors such as food, temperature, etc. 
would be the same for all three strains. 
A great deal of thought and effort was 
expended to make these tests comparable. 
Alcohol-distilled water suspensions of 
DDT were carefully prepared in the 
laboratory. To avoid the possibility of 
contamination, only enamel pans in which 
healthy larvae were living were used as 
test containers. These pans were rinsed 
with distilled water before adding the 
test suspension. Only active, well-fed, 
early fourth stage larvae were used. 
In order to eliminate any emotional bias, 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 45, No. 4 
three persons selected the larvae from the 
colony, lifting each larva in a wire loop 
and dropping it into the test solution. 
The test was conducted under constant 
temperature of 75° F. and 90 per cent 
relative humidity. To eliminate any 
possibility of chance differences, 200 
larvae were used in each test. Controls 
were set up in the same manner. Mortality 
readings were made at the end of 24 hours. 

The results of this experiment are shown 
in table 2. It came as quite a surprise 
to observe that the Orlando colony was 
many times more resistant to DDT than 
the Wilson Dam insectary strain. Any 
significance test would rule out the possi- 
bility of chance differences. The procedure 
was again reviewed to find possible failure 
in obtaining a fair test. It was noted that 
while all pans were filled with the pre- 
scribed amount of test solution at the 
same time, the larvae were counted in 
one colony at a time. The selection of 
larvae began with Wilson Dam and ended 
with Orlando. It was recalled that some 
of the Wilson Dam insectary larvae were 
already dying before the Orlando group 
was completely set up. The experiment 
was repeated, except that in the second 
instance all strains were added to the test 
solution at as nearly the same time as 
possible. The results of this experiment 
are also shown in table 2. Here we see a 
complete reversal of the first experiment. 
The Orlando strain appeared to be the 
most susceptible. There was no significant 
difference between the resistance of the 
Beaver Dam and the Wilson Dam in- 
sectary mosquitoes. These two experi- 
ments serve to show the instability of 
suspensions as test solutions. 

On the basis of these tests, the sugges- 
tion was made that the DDT was settling 
out of the alcohol-distilled water suspen- 
sions. Since much of the work in this 
laboratory had been done using paper 
containers and since other workers had 
used glass containers, the stability of 
DDT suspensions and emulsions in the 
three types was investigated. The method 
used to determine the amounts of DDT 
present was that of Schechter and Haller 
as modified by Sternburg et al. (1950). All 
analytical determinations were made with 
a Beckman Model DU spectrophotome- 
ter. The results of the analyses of the 
alcohol-distilled water suspensions and 
of the xylene-T’rex emulsions are presented 
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in figures 3 and 4, respectively. It is 
readily apparent that there are definite 
losses of DDT from the suspensions in 
all three container types, though the 
rates are much slower in glass and enamel 
than in paper. Twenty-five per cent of 
the toxicant had “settled out” nine hours 
after being set up in both glass and 
enamel, whereas the same amount was 
gone after about two hours in paper. At 
the end of 24 hours 60 per cent remained 
in suspension in enamel, 57 per cent in 
glass, and only 24 per cent in paper. 

In contrast to the suspensions, emul- 
sions of DDT remain completely dis- 
persed throughout the solution in both 
glass and enameled containers. At the 
end of 24 hours in paper containers there 
is a 21 per cent loss of DDT from the 
emulsion preparation. This loss, however, 
does not increase upon standing for at 
least 48 hours. 

Thus to obtain the best test results 
as far as the amount of DDT remaining 
in “‘solution”’ is concerned, emulsions in 
either glass or enameled containers ap- 
pear to be most satisfactory. Paper con- 
tainers exert adverse effects upon the 
stability of the toxicant in both the sus- 
pension and emulsion preparations. 

SumMary.—Data have been presented 
to illustrate the wide standard deviations 
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obtained by testing Anopheles larvae in 
graded series of DDT alcohol-water sus- 
pensions. Increasing the numbers of 
larvae per replicate will reduce the range 
in mortality to be expected by chance. 
Variations in results may be due to seem- 
ingly small changes in technique such as 
altering the volume of test solution made 
up to a certain parts per million concen- 
tration or by changing the numbers of 
larvae utilized per replicate. The mass- 
surface area relationship per larva has 
been shown to be of great importance 
since the mortality from a given dose of 
DDT may be changed from 80 to 1.5 per 
cent simply by increasing the number of 
larvae per test. Finally, the method of 
dispersion of the toxicant and the type of 
surface of the test container strongly in- 
fluence the amounts of DDT remaining in 
suspension upon standing. Chemical an- 
alyses have shown that emulsions are 
more stable than suspensions and that 
there is a considerably greater loss of 
DDT in paper than in glass or enameled 
containers. 
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Liquefied Gas-Propelled Sprays for the Home Garden! 


Howarp B. Owens and L. P. Dirman, Maryland Agricultural Experiment 
Station, College Park 


The general objectives of this project 
were discussed in the first report (Owens 
& Ditman 1950). Following the first 
year’s preliminary work, experimental 
techniques and designs were enlarged and 
improved and the number of test vege- 
table crops increased. Formulations for 
testing the comparative performance 
of insecticides were standardized as to 
amounts and kinds of solvent and pro- 
pellant used; solvents likely to cause 
plant injury were eliminated. Because of 
the large number of insect species en- 
countered, intensive and exact counts 
could not always be made, but careful 
yield records, the best criterion of insec- 
ticide performance, were made on all 
crops grown. 

Meruops anpD Mareriats.—The ap- 
paratus for dispensing the sprays was the 
same as described in the report referred 
to above. 

The following formulations were tested 
during the two seasons’ work here re- 


ported. The last two figures in the formu- 
lation refer to the year used. 


per cent 
MD-1-50 
Pyrethrum extract (20 per cent 
pyrethrins) 
Cube resin (33 per cent rotenone) 
DDT 
Methylene chloride 
Methy!] chloride 
MD-2-50 
Lindane 
Methylene chloride 
Methyl chloride 
MD-3-50 
Cube resin (33 per cent rotenone) 
Lindane 
Methylene chloride 
Methyl chloride 
MD-4-50 
Cube resin (33 per cent rotenone) 
Lindane 
Acetone 
Methyl chloride 
MD-5-50 
Pyrethrum extract (20 per cent 
pyrethrins) 
Cube resin (33 per cent rotenene) 
Lindane 
White mineral oil 
Acetone 
Methyl chloride 
MD-6-50 
Pyrethrum extract (20 per cent 
pyrethrins) 


Cube resin (33 per cent rotenone) 

N-propy! isome 

White mineral oil 

Methylene chloride 

Methyl chloride 
MD-1-51 

Chlordane 

Methylene chloride 

Methy! chloride 
MD-2-51 

Lindane 

Methylene chloride 

Methyl chloride 
MD-3-51 

CS-708! (80 per cent solution) 

Methylene chloride 

Methy! chloride 
MD-4-51 

Aldrin 

Methylene chloride 

Methy! chloride 
MD-5-51 

Dieldrin 

Methylene chloride 

Methyl chloride 


MD-6-51 
CS-708 
Lindane 
DDT 
Methylene chloride 
Methyl chloride 


1 Dilan 


Seven kinds of vegetables were planted 
in individual gardens, 36 by 50 feet, 
which were arranged in blocks. Each of 
four blocks contained seven gardens so 
that each treatment was replicated 4 
times. Each garden was composed of a 
row each of potatoes, tomatoes, cucum- 
bers, cantaloups, snap beans, lima beans, 
and broccoli. Broccoli, because of its long 
bearing season, proved unsatisfactory for 
comparative yield purposes and was re- 
placed with cabbage in 1951. All treat- 
ments were applied at weekly intervals 
from the time plants were set out, or 
showed above ground, until just before 
final harvest. 

The frequent rains that fell during the 
1950 growing season provided conditions 
favorable to the development and spread 
of fungous diseases, particularly late 
blight of potatoes and mildews on cucur- 
bits and lima beans; tomato and cucurbit 


1 Scientific Article no, A362, Contribution No. 2347 of the 
Maryland Agricultural Experiment Station, Department of 
Entomology. 
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Table 1.—Summary of results of treatments on snap beans. 








Tora YIELDs, 


AVERAGE BEANS 


Mexican BEAN BEETLE PopuLations'! 





Per Cent Control 





Pounpbs 
Per 
Lb. 





FoRMULA Vines Beans 


Total No. 





Per 


Plant Larvae Adults Larvae Adults 





1950 
MD-1-50 
MD-2-50 
MD-3-50 
MD-4-50 
MD-5-50 
MD-6-50 61. 
Check 63. 
F-value? 0. 


130. 
136. 
129. 
130. 
136. 
43. 142. 
41. 141. 

0. —_ 


48.1 
46. 
49. 
48. 
49. 


65 
65. 
66. 
62 
71. 


Pw wero ms 


1951 
MD-1-51 
MD-2-51 
MD-3-51 
MD-4-51 
MD-5-51 
MD-6-51 71 
Check 54. 
F-value 4. 
L.S.D. at 5% 9. 


64. 
y) 
74. 
62 
68. 
82 
60 

4. 
10. 


59. 
58. 
68. 
53. 
63 


9. 
4. 


WWOKMISCH Ee 
Gr > or or me or me a2 


137 
168 
143 
126 
167 

77 
137 


“ue 
— 


@ 2 © 20 
me aor 


9) 
oe 
Aeon SHDiC 


« 
a 


90.9 

14 57.5 
0 100.0 

26 22.3 
100.0 
100.0 


0 
33 





1 Based on counts made between first and second pickings, 2 days after treatments were applied. Estimated by the scoop method, 


10 scoops per plot 


2 For tables 1-9 F-value of 2.66 needed for significance at 5%. 


yields were greatly reduced by these 
causes. The 1951 season was extremely 
dry and none of the fungous diseases 
which had been prevalent the year before 
appeared. 

Resutts.—Snap beans.—In 1950 the 
Topcrop variety of snap beans was 


planted June 23 and the final picking 
made August 25, during which time nine 
applications of all treatments were made. 
‘The Supergreen variety was used in 
1951; it was planted June 18 and received 
eight applications of all treatments. 
Observations during the growing seasons 


Table 2.—Summary of results of treatments on lima beans. 








Torta. YIELDS 


AVERAGE Pops 


Bean BEETLE PopuLaTIONS 





Per Cent Control 


Total 





Pounps 


Pods 





ForRMULA Vines Lb 


Per 


Per 
Plant 





Larvae Adults Larvae Adults 





1950 
MD-1-50 
MD-2-50 
MD-3-50 
MD-4-50 
MD-5-50 
MD-6-50 60 
Check 46. 
F-value 3. 


58. 
63 
63. 
55. 
63 


44. 
48. 
46. 
46. 
44. 
46. 
48. 

2. 


Doi Res 


om 
“ 


1951 
MD-1-51 
MD-2-51 
MD-3-51 
MD-4-51 
MD-5-51 
MD-6-51 
Check 
F-value 
L.S.D. at 5% 


55 
54. 
55. 
52. 
53. 
54 
51. 


1S > 


S238 
mt i 1 Om HO 


Seem wwmI]s 


i) 


aDeooarted 


57 _ 
54 — 
56 — 
56 — 
67 55.1 
26 _— 
58 — 
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revealed no acute foliage injury and no 
dwarfing or other plant abnormalities 
that could be attributed to treatments. 

Of all the formulations used (Table 1) 
only those containing CS-708 (MD-3-51 
and MD-6-51) were highly effective 
against adult Mexican bean beetles and 
only these formulations produced highly 
significant increases in yields. Plots re- 
ceiving these two treatments produced 
larger, better quality fruit (fewer beans 
per pound) and more per plant than the 
control plots and plants were larger and 
more vigorous. Lindane, chlordane, al- 
drin, and dieldrin showed some effective- 
ness against the larvae but only lindane 
produced increased yields. These four 
materials, however, were not considered 
adequate. 

Iama beans.—The Fordhook type bush 
lima beans used in these experiments 
were planted the middle of June and har- 
vested in early September. Eleven appli- 
cations of each treatment were made in 
1950 and nine in 1951. Trends in results 
(Table 2) were similar to those for snap 
beans, formulas containing CS-708 giving 
the highest yields. There appeared to be 
no significant effect of any treatment on 
size of fruit, but heaviest yields in plots 
had the highest number of pods per plant. 
Lindane and CS-708 formulations were 
effective against Mexican bean beetle 
larvae. The rather large number of adults 
present may have resulted, in part, from 
the continued heavy influx of adults from 
a nearby untreated field. Examination of 
all plots on August 22 revealed slight 
infestations of black bean aphid on two 
plots which had been treated with formula 
MD-3-51; no other infestations were 
evident. 

Broccoli.—Plants were set in the field 
in early July of 1950 and the crop har- 
vested in August and September. Yields 
and observations on some of the insect 
populations present are given in table 3. 
None of the formulations appeared to 
be satisfactory though all showed some 
degree of effectiveness against cabbage 
looper. The extent of insect populations 
is indicated by total number of infested 
plants on September 5 just before appli- 
cation of the ninth and last treatments 
and again two days later. 

Cabbage.—This crop replaced broccoli 
in the 1951 experiments and proved to 
be a much more satisfactory crop on which 
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to record yields. Records of injury by 
loopers and “worms,” flea beetles, and 
aphids and of yields are given in table 4. 
All formulas were of some value as indi- 
cated by increased yields. Those con- 
taining lindane, CS-708, or dieldrin and 
the combinations formulation MD-6-51 
were all effective against flea beetle and 
all species of cabbageworms: the lindane 
and dieldrin formulations and MD-6-51 
showed considerable effectiveness against 
the cabbage aphid as well. 

Cantaloup.—In 1950 the Seneca Bender 
variety of cantaloup was planted the mid- 
dle of June, too late to mature fully. With 
vines heavily injured by downy mildew, 
all fruit green and ripe was harvested 
September 18. Because of the severe dis- 
ease condition no records of insect occur- 
rence were taken; records of yields and 
set of fruit are given in table 5. 

In 1951 the Bender Surprise variety 
of cantaloup was planted May 25. Be- 
cause of nutrient deficiency and likeli- 
hood of disease all plots were given a 
weekly spray of magnesium sulphate, 
borax, and diathans. ‘he aerosol treat- 
ments were made as usual in addition to 
this spray. Eleven applications of insecti- 
cides were made in 1950, nine in 1951. 

Though results are not statistically 
significant, lindane performed well as an 
insecticide on cantaloups, increased yield 
of fruit and vine weight (Table 5) result- 
ing both years (formulas MD-3-50, MD- 
4-50, and MD-2-51); aldrin and dieldrin 
did wel]] in 1951. There appeared to be 
cumulative injury to vines when CS-708 
was used; plants lacked vigor and growth 
was greatly reduced. Severe infestations 
of the melon aphid developed on three of 
the CS-708-treated plots but no infesta- 
tions developed on any other treated or 
check plot. None of the insecticides had 
any direct effect on pollinization in set 
of fruit. 

Cucumbers.—The white spine type of 
slicing cucumber was used in these experi- 
ments both years, being a quick maturing 
crop it was’ planted the middle of June. 
Because severe disease conditions reduced 
the length of the bearing season in 1950 
all plots in 1951 were given, in addition 
to the aerosol treatments, weekly appli- 
cations of the same fungicide-nutrient 
sprays as were given the cantaloups. 

Results of the 2 years’ work are given in 
table 6. While results in 1950 were not 
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Table 3.—Summary of observations on yield and insect infestation on broccoli for the 1950 season. 








PLants InFEsTED WITH 





Harlequin 
Bugs 


Harlequin 


Aphids _Loopers Bugs Aphids 


Loopers 





ToTaL 
TREATMENT Yre.p, Las. Before Last Treatment After Last Treatment 
MD-1-50 
MD-2-50 
MD-3-50 
MD-4-50 
MD-5-50 
MD-6-50 
Check 
F-value 





42.4 20 6 6 0 
31.6 19 27 18 12 
36.6 17 14 9 3 
35.8 20 24 4 8 
29.2 19 17 13 10 
36.1 14 23 16 9 
32.7 20 22 5 6 
0.82 ~ - ; - = 





statistically significant, number, set, and 
yield of fruit and weight of vines for all 
treatments except MD-6-50 were greater 
than on the untreated plots. In 1951 signif- 


ments there were also fewer plants lost 
because of wilt, the only disease present 
in the field during this season. It is again 
of interest that the melon aphid developed 


icant increases of yield were obtained 
with dieldrin, lindane, and the combina- 
tion formula MD-6-51; with these treat- 


to severe proportions on the CS-708- 
treated plots, which accounted in part 


Table 6.—Summary of results of aerosol treat- 
TVable 4.—Summary of yield records and insect ments on cucumbers. 
injury to cabbage 1951. — 








Vines! 
Dyna 
OF 
Witt 


Tora. 








Per Cent PLANTS 
InsuRED By 


Loopers 
and Flea 
Aphids “‘Worms” Beetles 


; Fruits 
Fruits per Vine 


TREATMENT 








1950 

2591 
2293 
2548 
2628 
2488 


23.9 
22.2 
25.5 
25.9 
22.8 
1994 18.4 
2000 18.9 

1. — 


YIELD, 
TREATMENT Pounps 





MD-1-51 
MD-2-51 
MD-3-51 
MD-4-51 
MD-5-51 182. 
MD-6-51 185. 
Check 74 
F-value 12. 
LS.D.at5% 35. 


132. 
180. 
193. 
162 


38. 100.0 100 
Q ie 


17. ; 30 
38 .§ 22. 10 
ai 

0. 
24. 


348 
812 
519 
635 
846 
726 
375 
10.4 
184.3 


Om AOR OD 
SDH ewe 
coaancw 


F-value 
L.S.D. at 5% 


CH AONwORD BOSH IBEe 


1 | 








1 Based on total stand counts after plants became established 


Table 5.—Summary of results of aerosol on and counts of healthy plants at last harvest. 


cantaloups. Table 7.—Summary of tomato yields. 














VINES 
. Dy1ne : 
Fruits OF WEIGHT OF 
Fruits per Vine Disease e - ——--————_—- 
- - ('REATMENT ToraL PER PLANT 


Torat Pounps or NUMBER OF 


Normal 


NuMBER oF 
Fruits 
‘TREATMENT Vines 





84 
94 
123 
92 
88 
54 
85 


163. 
108. 
139. 
109. 
171. 
10 

90. 


2612 
2162 
2924 
2304 
2546 
2321 


—pmeSwoc-10 


gum eeoee 
2D SDS We 


MD-4-51 
MD-5-51 
MD-6-51 
Control 
F-value 
L.S.D. at 5% 
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Table 8.—Summary of infestations of fruit 
worm, hornworm, and potato aphid on tomato as 
recorded September 25, 1951. 








Totat NuMBER OF PLANTS 
INFESTED WitTH 





Horn- 
worm 


Fruit- 
worm 


TREATMENT 
Aphids 





MD-1-51 4 0 all 
MD-2-51 1 0 0 
MD-3-51 0 0 some 
MD-4-51 1 0 some 
MD-5-51 0 0 few 
MD-6-51 0 0 0 
Check 13 12 most 





Table 9.—Summary of yield results, flea beetle 
injury, and leafhopper and corn borer populations 
on the 1950 potato crop. 








FLEA 
BEETLE 
Punc- 
TURES 


Corn 
Lear- Borer 
HOPPERS! ENTRIES? 


YIELD 
Pounps 





460 86 22 
373 152 58 
400 62 34 
285 196 29 
330 91 38 
742 105 75 
1300 191 46 
18.59 3.92 1.28 


463 .{ 
182. 
266. 
167. 


303. 


MD-1-50 
MD-2-50 
MD-3-50 
MD-4-50 
MD-5-50 
MD-6-50 293. 
Check 873. 
F-value 6.12 
L.S.D. at 
5% 


1 Based on 5 sweeps per plot. 
2 Based on 10 plant samples per plot. 


126.5 248 .2 80.1 





for the low yield with this treatment. 
There were no aphids on any other plots 
including the checks. 

Tomatoes.—The Rutgers variety was 
set in the field on June 5 in 1950 and re- 
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Table 10.—Summary of yield results and leaf- 
hopper and aphid populations on 1951 potatoes. 








DEGREE OF 


Aphid 
Infestation 





Hopper- 
burn 


YIELD, 
TREATMENT Pounps 





on 1 plot 
on 1 plot 
on all plots 
on 2 plots 
on | plot 
on 1 plot 
on all plots 


medium 
slight 
none 
slight 
slight 
none 
severe 


109.8 
186.5 
164.9 
115.0 
147.2 
219.8 
126.2 
2.26 


MD-1-51 
MD-2-51 
MD-3-51 
MD-4-51 
MD-5-51 
MD-6-51 
Check 


F-value 





received 13 applications of all treatments. 
Severe late blight developed and injured 
many of the fruit; they all, however, 
were counted and weighed and recorded 
in the total weight. When vines were 
pulled and weighed, all green fruit was 
picked and recorded. The same variety 
was set in the field June 25 in 1951. No 
blight developed and only sound ripe 
fruit was picked and recorded. Eleven 
applications of all treatments were made 
in 1951. 

Results of treatment on yields and num- 
ber of fruit are given for both seasons in 
table 7. Because of the extreme disease 
conditions in 1950 no observations were 
made on insect injury, but in 1951 fruit- 
worm, hornworm, and the potato aphid 
were present; the abundance of these is 
recorded in table 8. 

Yields of tomatoes and set of fruit were 
not greatly influenced by any of the 
insecticides used. Best control of the three 
insect species present was secured in 
1951 with formulations containing 2 


Table 11.—Summary of the effect of all tested formulations on yield of crop. A single plus indicates 
a yield greater than the untreated check. A double plus indicates a statistically significant increase, a 
single minus a yield less than the check while a double minus indicates a significant decrease. 








Lima 


TREATMENT PotaToEs ‘TOMATOES 


BEANS 


Brocco. 
AND 
CABBAGE! 


CANTA- 
LOUPS 


Cucum- 
BERS 


SNAP 
BEANS 





MD-1-50 
MD-2-50 
MD-3-50 
MD-4-50 
MD-5-50 
MD-6-50 
MD-1-51 
MD-2-51 
MD-3-51 
MD-4-51 
MD-5-51 
MD-6-51 


I++++++4+44 


++ 1 4++)4+14+4++4+ 
+ 
++ 1+14+144+44+4 


l+++++ 


++ 1+++14+14+44 
++ 4+ + 
b++i+ 





1 Broccoli in 1950 and cabbage in 1951. 
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per cent lindane, though all the formula- 
tions greatly reduced fruitworm and horn- 
worm populations. 

Potatoes.—In 1950 the Pontiac variety 
of Irish potato was planted April 6. Eleven 
applications of treatments were made and 
potatoes were harvested August 15 to 30, 
those with dead foliage being harvested 
first. Records of yields and of flea beetle 
injury based on 50 leaf samples from each 
plot, and of leafhopper and corn borer 
populations are given in table 9. The for- 
mula MD-1-50 gave a significant increase 
in yield; all formulations significantly 
reduced flea beetle, but only those con- 
taining one half per cent rotenone re- 
duced leafhoppers. None of the formulas 
was effective against European corn borer 
larvae. There were no Colorado potato 
beetles or aphids present. 

The Sebago variety was grown as a 
late crop in 1951, planted June 29 and 
harvested October 25. Eight applications 
of all treatments were made. Heavy in- 
festations of the potato aphid appeared 
in September on some plots and leaf- 
hoppers were plentiful. Yield results and 
observations on aphid and on leaf-hop- 
per as indicated by degree of hopperburn 
are given in table 10. Flea beetle, which 
was not so plentiful as earlier in the sea- 
son, caused slight injury only to the check 
plots and the plots treated with the chlor- 
dane formulation and is therefore not 
recorded. 

The formulation containing DDT gave 
the highest yield, though not statistically 
significant. The formulation containing 
CS-708 gave excellent leafhopper control 
which, however, was not reflected in in- 


creased yield where CS-708 was used 
alone. 

Discussion AND SuMMARY.—None of 
the formulations tested was effective 
against all the insect species on all the 
vegetable crops used in these experiments 
and at the same time was noninjurious 
to all varieties of vegetable. A summary 
of the performance of the various formu- 
lations is given in table 11. Of all the in- 
secticides used, lindane was generally the 
most effective and did not cause any re- 
tardation of growth. At the concentrations 
used it did not give desired control of 
Mexican bean beetle or leafhoppers on 
potatoes, but it was the best general 
aphicide. Chlordane and aldrin gave no 
outstanding performance and seemed to 
reduce the vigor and yield of some crops. 
Dieldrin gave excellent results on cucum- 
bers and cantaloups. CS-708 was the most 
effective Mexican bean beetle and leaf- 
hopper insecticide though the rotenone 
formulations gave excellent results on 
leafhoppers. For potatoes, formulations 
containing DDT gave highest yield. 
Tomatoes generally responded least to 
insecticidal treatments—they were neither 
stimulated nor retarded. 

Lindane formulations and formula MD- 
6-50 containing rotenone, pyrethrum, 
mineral oil, and N-propyl isome caused 
slight off-flavor in early potatoes. In 
1951, flavor of late potatoes was not af- 
fected by lindane formulations. No off- 
flavor of cabbage, cucumbers, cantaloups. 
tomatoes, lima beans, or broccoli was 
detected. Slight off-flavor of cooked snap 
beans which had been treated with lin- 
dane was apparent to some tasters. 


LITERATURE CITED 
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Influence of Tree Vigor and Winter Injury on 
the Lesser Peach Tree Borer! 


E. H. Smita, New York State Agr. Expt. Sta., Geneva, and R. W. Harrts,? 
N. Y. State College of Agr., Ithaca, N. Y. 


The relationship between condition of 
host tree and borer infestation has been 
considered, as part of a general investiga- 
tion of peach tree borers (Smith 1951, 
1952). The presence of wounds on the 
bark surface has been recognized as an 
important factor in the establishment of 
the lesser peach tree borer, Synanthedon 


pictipes (G. & R.), but specific data on this 
point have been difficult to obtain. An 
opportunity to study the relationship 


1 New York Agricultural Experiment Station Journal Paper 
888, February 15, 1952. 

2 At the time this study was made, Dr. Harris was Assistant, 
Department of Pomology, Cornell University, Ithaca, New 
York. He is now a member of the staff of the University of Cali- 
fornia at Davis, California. 
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between tree vigor, winter injury, and 
borer infestation occurred in connection 
with a fertilizer experiment which was 
conducted by staff members of the 
Pomology Department, New York State 
College of Agriculture, Ithaca, New York. 
The results of this study are reported here. 

The original experiment was designed 
to determine the response of Elberta 
peach trees to various cultural and ferti- 
lization practices. Four different treat- 
ments were established and maintained 
for a 3-year period, 1947-1950, and these 
in time produced distinct gradations in 
tree vigor. That differences in vigor de- 
veloped was borne out by the compre- 
hensive data on tree response which 
were accumulated (Harris & Boynton 
1952). The experiment was located in a 
12-year old Elberta peach orchard at 
Morton, New York. Plots consisted of 
from 4 to 6 trees each and were repli- 
cated four times. The plot designations 
and treatments were as follows: 


Plot Designation 


Fertilization HC HR LC LR 
(Lbs. actual ni- 
trogen applied 
annually) 1.0 1.0 0.5 0.5 
Culture Clean cul- Rye grass Cleancul- Rye grass 
tivation covercrop tivation cover crop 





All plots received the same spray pro- 
gram, namely, 4 sprays of DDT and 
sulfur. The peach tree borer was effec- 
tively controlled by this program but it 
apparently had little effect against the 
lesser peach tree borer as would be ex- 
pected from evidence presented in an 
earlier report (Smith 1951). 

Mernops AND Resuurs.—As the ex- 
periment progressed the taking of data 
pertaining to tree response became com- 
plicated by the loss of large branches 
from some trees. This loss was believed 
to be due to borer activity, and trees 
severely injured were removed from con- 
sideration to avoid the influence of fac- 
tors believed to be unrelated to the cul- 
tural treatments. At first, the number of 
trees eliminated was evenly distributed, 
but as the experiment progressed, more 
trees were eliminated from the high nitro- 
gen plots. At the termination of the experi- 
ment, trees which had not been eliminated 
were carefully inspected and rated on bor- 
er injury and gum secretion. The latter 
was based on the presence of gum unas- 
sociated with borer activity. The ratings 
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given by the junior author together with 
the record of trees eliminated earlier are 
shown in table 1. 

In all cases tree vigor was directly 
correlated with number of trees elimi- 
nated, borer injury and gum secretion. 
As these ratings were based entirely on 
visual inspection, it was felt that more 
specific data could be obtained by an 
actual count and examination of the 
borers present. Accordingly, during the 
spring of 1950 the senior author collected 
borers from the treatments representing 
the greatest difference in tree vigor, HC 
and LR, including the trees which had 
been eliminated earlier. Unfortunately, 
the time required prevented the taking of 
borers from all plots. Those collected 
were preserved and brought to the labora- 
tory for further study. In comparing the 
borers taken from trees in the two groups, 
three criteria were used: one, the number 
of borers per tree; two, the stage of de- 
velopment of the individuals; and three, 
the size of mature larvae, as indicated by 
width of head capsule. The results of 
these counts are shown in table 2. 

A direct correlation was found between 
the number of borers per tree and the 
degree of tree vigor, thus susbtantiating 
the evidence presented in table 1. As 
regards stage of development, the borers 
from low nitrogen trees appeared to be 
slightly more advanced in their develop- 
ment than borers from high nitrogen 
trees. No significant difference was found 
in the size of mature larvae. The evidence 
pertaining to stage of development and 
size suggests that the vigor of the host 
tree had relatively little influence on the 
rate of development of larvae feeding up- 
on it. 

Discussion.—The data presented 
above have shown a direct correlation 
between borer population and tree vigor, 
contrary to the belief generally held. 
While the heaviest infestations shown 
here are not severe by comparison with 
some orchards, the differences between 
treatments are believed to be sufficient 
to indicate a trend. That such differences 
should become apparent in the course of 
three years is striking when it is considered 
that only three generations of borers 
developed during this period. Further- 
more, it is unlikely that initial treatments 
produced marked differences in vigor 
during the first season, This being the 
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h Table 1.—Record of trees eliminated because fore, of interest in this connection. During 
a of borer injury and ratings of trees noteliminated ho oviposition period moths can be ob- 
Es HC HR Lc LR served to hover about the trunk and 
ly , : branches of the trees. After hovering close 
? Number of trees at: : : 
i Beginning of experiment 28 26 TT to the bark for some time, the moth alights 
n. End of experiment oa a and moves slowly over the bark surface 
on —— pee 3.8 98.9 14.8 11.1 SWaying the ovipositor from side to side. 
re Borer injury toexperimental trees! 4.1 3.7 3.6 8.2 When suitable areas are located, one or 
in Saqeetian 96.50 5.6 3.2 3.0 24 more eggs are deposited in cracks and 
1e ‘Rating: 1-5 crevices and flight is immediately re- 
1e Pe dey «a sumed. Frequently the moth returns after 
od a short time and again deposits eggs on 
ig ‘ the same area of the tree. Invariably the 
C case, most of the influence of treatments moth selects a wounded area for oviposi- 
id upon borers must have come in the second tion and the presence of gum seems to 
y, and third generation. The practical sig- attract them. Moths have been observed 
of nificance of these findings would possibly to visit several trees before locating a 
d have become more apparent had the treat- suitable site for oviposition. During the 
“i ments continued for a longer period. past season as part of another study 
he In attempting to account for the (Smith 1952) over 4000 eggs of this 
S, heavier borer population as shown here _ species were collected in the field. In mak- 
er the question arises: Is this due to greater ing these collections the presence of 
e- attractiveness of these trees to the moths eggs in relation to active wounds was 
e, for oviposition or is it due to higher rate readily apparent. The observations cited 
ny of establishment of the larvae which here indicate marked selectivity by moths 
of hatched upon the trees. It is, of course, in choosing sites for oviposition. 
possible that both of these factors apply, SuRVIVAL OF LarvarE.—There must 
on but for the sake of simplicity they will be high mortality among newly hatched 
he be considered separately. larvae under natural conditions. This 
ng Hasits OF THE Fremate Morn In assumption is based on the fact that field 
As Oviposition.—As larve of this species do collected eggs show high fertility, approxi- 
rs not migrate from one tree to another, the mately 92 per cent; but the number of 
be number of eggs deposited upon the tree borers in relation to eggs laid is low. 
p- would be expected to have a direct bear- Observations indicate that the critical 
on ing on the number of borers present. The stage is between hatching and establish- 
rd habits of moths in oviposition are, there- ment. As shown by Armstrong (1942) 
ce 
nd Table 2.—The occurrence of lesser peach tree borers in experimental plots 
“ Av. Wipta 
1€ (mm.) OF 
p- Heap 
NuMBER AVERAGE Per Cent or Borers in Eacu Stace CAPSULE 
ed Trees Borers or GROWN 
me PLot EXAMINED PER TREE LEmerged Pupae 6th 5th 4th 8rd LARVAE 
Or, ae. 8 9.4 25 7.5 65.0 25 25 0 1.97 
id. HC-22 6 14.9 0 4.7 80.0 87.2 8.1 0 2.02 
vn HC-31 5 13.2 0 18.2 52.7 29.1 0 0 2.03 
th HC-42 5 13.8 3.0 7.6 57.6 288 1.5 1.5 2.02 
en Average 12.8 1.2 9.0 55.0 30.8 3.6 0.4 2.01 
nt : 
eS LR-12 5 5.8 2 3.4 10.3 62.2 20.7 3.4 0 2.04 
of LR-21 4 4.5 0 6.3 62.5 31.2 0 0 2.05 
o LR-82 5 12.2 $2 BS. G2 MES LY 32 2.05 
ed LR-41 6 3.5 0 5.0 55.0 35.0 5.0 0 2.03 
aT's — ary 
pr- Average 6.5 3.3 10.6 61.0 22.0 2.4 0.8 2.04 
ats Difference 6.3! 
ror 





he ! Significant at 1% level. 
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larvae are unable to become established 
on uninjured bark surfaces, and the rate 
of establishment is extremely low on 
fresh mechanical injuries. Survival is 
highest where newly hatched larvae have 
ready access to active wounds. 

CausE AND NaturRE oF WounDs.— 
It is apparent that both the response of 
the female in oviposition and the survival 
of newly hatched larvae are associated 
with the presence and condition of wounds 
on the bark surface. In view of this rela- 
tionship the cause and nature of wounds 
might be considered. In the experimental 
orchard wounds were caused largely as the 
result of winter injury to crotches and 
large scaffold branches. To a less extent, 
injuries were due to mechanical causes 
such as pruning scars and bruises by 
machinery. Even though only slightly 
more winter injury could be observed in 
the high nitrogen trees, a much more con- 
spicuous difference appeared in the con- 
dition of the wounds. Profuse gumming 
was associated with wounds on the high 
nitrogen trees, while the wounds in most 
of the other groups appeared relatively 
free of gum. A greater amount of gum- 
ming and borer injury was evident on the 
trees in plot LR-32 than in the other low 
nitrogen trees. This particular plot was 
located in the low part of the orchard 
where the winter injury may have been 
more severe due to poorer drainage. The 
greatest amount of winter injury was to 
trees in this area of the orchard irrespec- 
tive of treatment. The trees in plot LR-32 
were on the average slightly more vigor- 
ous than the trees of the other low nitro- 
gen plots but not significantly so nor did 
their vigor approach that of the high 
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nitrogen trees. It would, therefore, ap- 
pear that the amount of gumming was an 
indication of the severity of winter injury 
and not an expression of tree vigor in it- 
self. 

The relation of these findings to the 
present borer problem under practical 
orchard conditions is not definite. Severe 
infestations, 85 or more borers per tree, 
are not uncommon in this area. It seems 
probable in the light of evidence pre- 
sented here that cultural practices might 
indirectly predispose trees to heavy in- 
festations if winter injury should thereby 
be brought about. Associated with this 
point is the fact that until recently DDT 
was the chief insecticide used for control 
of peach pests. While relatively ineffective 
against the lesser peach tree borer, it 
likely had some adverse effect upon nat- 
ural enemies of the pest. This combina- 
tion of circumstances is believed to ac- 
count partially for the very heavy infesta- 
tions encountered in well kept commercial 
orchards. 

SumMary.—Data are presented show- 
ing a positive correlation between tree 
vigor and borer infestation. It appears 
that this situation is due to the more 
favorable conditions for oviposition and 
subsequent larval establishment afforded 
by wounds on trees high in vigor. The 
wounds in which borers became estab- 
lished were largely caused by winter in- 
jury. The establishment of borers was 
related to the presence and condition of 
inguries, especially as related to the 
amount of gum secreted. No evidence was 
found to indicate that borers initiated 
injury. 
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Control of Peach Tree Borer and Lesser Peach Tree Borer! 
E. H. Smiru, New York State Agricultural Experiment Station, Geneva 


Investigations were conducted during 
1949 and 1950 to develop a control pro- 
gram effective against the peach tree 
borer, Sanninoidea exitiosa (Say), and the 
lesser peach tree borer, Synanthedon pic- 
tipes (G. & R.), (Smith 1951). A program 
requiring four sprays of parathion ap- 
plied at the rate of 2 pounds (15 per cent 
w.p.) per 100 gallons was found to be 
effective. Sprays were applied at 21-day 
intervals beginning June 22. In this ex- 
periment, the first three sprays accounted 
for 96 per cent control of the lesser peach 
tree borer, and the individual sprays gave 
the following control: June 22, 53 per cent; 
July 12, 76 per cent; August 3, 61 per 
cent. The high degree of control resulting 
from a single treatment was striking con- 
sidering the prolonged period of moth 
activity. Laboratory investigations with 
eggs of the peach tree borer had indicated 
that the effectiveness of parathion was 
due in part to ovicidal action. The extent 
of ovicidal action in the field control of 
both species was considered in the pres- 
ent study. 

Meruops.—A suitable orchard having 
heavy infestations of both species of 
borers could not be located. Consequently, 
separate orchards were selected for con- 
trol studies of each. The lesser borer 
control program followed during 1950 
was essentially repeated, and EPN was 
also included as a test material. The 
peach tree borer control program was 
modified by the omission of the last spray, 
and additional test materials were in- 
cluded. It was originally planned to evalu- 
ate these sprays against both eggs and 
larvae; however, the time required pre- 
cluded complete larval counts in case of 
the lesser peach tree borer. In determining 
the ovicidal effect of treatments, samples 
of eggs were collected from sprayed plots 
after hatching was virtually completed. 
Peach tree borer eggs could be readily 
located on the trunk of the tree, and the 
eggs of the lesser peach tree borer were 
found along the margin of wounds on 
trunks and branches. Eggs were removed 
by cutting away a small piece of bark 
to which they were attached. A limited 
number of eggs were taken from each 


tree to obtain a representative sample of 
the eggs laid during the course of the 
season. These samples were brought to 
the laboratory and carefully examined 
microscopically with the aid of a binocular 
microscope. The effect of sprays on the 
larval population was determined by col- 
lecting and examining all larvae present 
in the fall. Details of this procedure have 
been described earlier (Smith 1951). 
RESULTS ON THE LEssER PEACH TREE 
Borer.—The timing of sprays in relation 
to moth emergence is shown in figure 1. 
The ovicidal effect of these sprays, singly 
and in combination, is shown in table 1. It 
is apparent that all sprays had some ovici- 
dal action. Parathion was considerably 
more effective than EPN. As would be ex- 
pected, the most effective sprays were 
those applied before appreciable hatch 
had occurred. It is interesting to note 
(Table 1) that a single parathion spray, 
the curculio spray, applied on June 7 when 
only 4 per cent of the moths had emerged 
gave 46 per cent kill of all eggs laid dur- 
ing the season. These results suggest an 
extended period of ovicidal effectiveness. 


Table 1.—The ovicidal effect of sprays on eggs 
of the lesser peach tree borer. 








Ecos Per Per 
Ex- Cent CENT 
TREATMENT MATERIAL AMINED Hatcu CONTROL 





Curculio Parathion 155 
1 Parathion 266 
EPN 310 

2 Parathion 154 
EPN 274 


3 Parathion 289 
EPN 205 


Curculio, 2 Parathion 
1, 2, 3 Parathion 
EPN 


1,2 Parathion 
N 

18 Parathion 

EPN 200 

Check — 421 








Dates treatments applied: Curculio, June 7; #1, June 21; #2, 
July 17; #3, August 6. 

Parathion (15%) used at the rate of 2 pounds per 100 gallons. 

EPN (25%) used at the rate of 20 ounces per 100 gallons. 


In interpreting these results, it should 
be kept in mind that the timing of sprays 
was based on moth emergence (Fig. 1) 
rather than on hatching of eggs. Obvious- 


1 New York Agricultural Experiment Station Journal Paper 
No. 886, February 5, 1952, 
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ly, the latter is more directly related to 
the performance of an ovicide, especially 
when the incubation period is relatively 
long. In view of this consideration, it 
seems desirable to present the hatching 
record which was based on the moth 
emergence curve. To provide these data 
the incubation period was determined at 
constant temperatures. These values were 
substituted in the equation: (T—K)D=C! 
(Uvarov 1931) to determine thermal con- 
stant. The validity of this equation when 
applied to extremes of temperature at 
which development occurs has been ques- 
tioned (Davidson 1944). However, as 
used in this study it is believed to be 
satisfactory. Mean daily temperature 
was used to calculate the incubation pe- 
riod at intervals during the season under 
field conditions. According to these cal- 
culations the incubation period for eggs 
laid early in June was approximately 
twenty days. This period became pro- 
gressively shorter until the latter part of 
July when the shortest period, 10 days, 
was required. Thereafter, the period 
increased so that eggs laid in September 
required approximately twenty-three 
days. In a limited number of observations, 
general agreement was found between the 
actual and calculated period of incubation 
under field conditions. 

The calculated hatching curve together 
with the probable period of effectiveness 
of single parathion sprays is shown in 
figure 2. In estimating this period, it is 
assumed that a spray was effective in 
eradicating eggs present at the time of 
treatment, and, in addition, eggs deposited 
on the spray residue were controlled for 
some time thereafter. Such an assumption 
seems valid in view of the results obtained. 
Accordingly, the period of effectiveness 
extends for the duration of the incubation 
period plus the period of residual effective- 
ness. The total period of effectiveness of a 
single spray can then be estimated from 
the hatching curve when control efficiency 
of the spray is known. The results. as 
shown in figure 2 are believed to represent 
reasonably well the actual performance 
obtained except in case of the third spray 
which gave less control than would be 
predicted from the hatching curve. 

When the results of multiple sprays are 
considered, it appears that actual control 
is slightly less than would be expected 
from the period of effectiveness ascribed 
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Fig. 1. Timing of sprays in relation to 
moth emergence. 


to individual sprays (Fig. 2). This dis- 
crepancy might be accounted for in part 
by the difficulty in obtaining complete 
coverage under actual conditions. 
Counts on the survival of larvae were 
completed for plots receiving sprays 1, 2, 
and 3. These results are shown in table 2. 


Table 2.—The effect of three sprays of para- 
thion and EPN on eggs and larvae of the lesser 
peach tree borer. 








Eaes LaRVAE 


Per Trees Larvae 





Cent Exam- r 
Hatch Control ined Free Control 





Parathion 2 lbs. 
(15% w.p.) 7 13 6.8 94.2 
EPN 1.25 Ibs. 
10.7 91.8 


(25% w.p.) 21 7 
Check 92 1 116.0 _ 





Sprays applied: June 25, July 19, August 6, 1951. 


Only one check tree was examined, which 
is hardly sufficient for calculating per cent 
control. Although these data are limited, 


WHEN TREATMENTS APPLIED AND PROBABLE PERIDL “ 
= > 
‘ a 
<2) 





PER CENT OF TOTAL 





a rn 1 1 
10 20 30 10 20 30 10 20 30 10 20 30 1 
JUNE JULY AUG SEPT oct 





Fia. 2. Moth emergence, calculated hatch, and prob- 
able period of effectiveness of treatments. 


1 T =temperature, K =threshold of development, D =number 
of days, C =thermal constant. 
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Table 3.—The effect of sprays on the hatching of eggs and survival of larvae of the peach tree borer. 








Date or TREATMENT Eaas Borers! 





MATERIAL AND RATE 7/17 8/10 


Per Cent __ Borers per 
Examined Hatch 10 Trees Control 





Parathion (15% w.p.) 2 lbs. 


X 
X 


EPN (25% w.p.) 1.25 lbs. 


Malathon (25% w.p.) 1.25 lbs. 


Check 


131 1% 92% 
126 5 95 
176 46 80 


162 16 75 
140 26 97 
111 47 77 


127 42 70 
117 24 : 92 
136 57 47 


161 98 ‘ — 





1 These counts include only borers arising from eggs laid during the current season. 


the results with parathion are in general 
agreement with results obtained in 1950, 
but no previous tests with EPN were 
available for comparison. The relative 
effectiveness of EPN and parathion is 
brought out and differences in manner of 
performance of the two materials are 
suggested. In the case of parathion, a high 
degree of correlation exists between con- 
trol of eggs and ultimate control based 
on larval counts. EPN, on the other hand, 
was not so effective as an ovicide, but the 
final control was only slightly less than 
with parathion. This point indicates that 
EPN also has some effectiveness as a 
larvicide. The possible larvicidal action 
of parathion is difficult to determine 
in the present experiment where 92 per 
cent control efficiency of eggs was ob- 
tained. By using a reduced program—1 or 


DATES TREATMENTS APPLIED 











10 20 30 10 30 


20 
AUG. SsePr. 


Fic. 8. Timing of sprays in relation to the seasonal 

development of peach pests. (1) Plum curculio; (2) 

Plant bug; (3) Griental fruit moth; (4) Peach tree 

borer; (5) Lesser Peach Borer; (6) Cottony peach 
scale; (7) European fruit lecanium. 


2 sprays—it might be possible to demon- 
strate larvicidal action. 

RESULTS ON THE PEAcH TREE Borer. 
—The effect of sprays on the hatching of 
eggs and survival of larvae of the peach 
tree borer is shown in table 3. These re- 
sults are in general agreement with results 
obtained against the lesser peach tree 
borer. It is, however, apparent that single 
sprays were more effective against this 
species. All materials tested had some ef- 
fectiveness as ovicides with parathion 
being clearly superior in this respect. The 
results obtained with a single parathion 
spray (July 19) are striking. Although few 
eggs had been laid at the time of this treat- 
ment, 93 per cent control efficiency of eggs 
was obtained. Such results would imply 
that the spray residue remained effective 
for almost the entire period of oviposition. 
In all cases, the last spray gave strikingly 
poorer results, which is probably explained 
by the hatching which had occurred be- 
fore treatment was made. It is also of 
interest to note that the difference in 
effectiveness of materials was less evident 
in the last spray. The correlation between 
kill of eggs and control of larvae was 
fairly close for the first spray, especially 
in the case of parathion. 

Some inconsistency in counts on ovi- 
cidal action of EPN is noted. The last 
sprays and combination of sprays were in 
all cases more effective against larvae 
than against eggs, again indicating lar- 
vicidal effectiveness. In this respect, 
parathion was slightly more effective than 
EPN. It will be recalled in the previous 


section that larvicidal action of parathion 
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was not clearly demonstrated against 
the lesser peach tree borer. Although para- 
thion was most effective as an ovicide, this 
difference was not reflected in final con- 
trol data in plots receiving both sprays. 
In fact, all three materials gave com- 
mercial control when used in two applica- 
tions. Such programs, providing control 
from sprays which were applied several 
weeks before the completion of oviposi- 
tion, offer obvious practical advantage. 

Discussion.—It is apparent from the 
results cited here that there is no essential 
difference in the response of the peach tree 
borer and the lesser peach tree borer to 
treatments with parathion and EPN. In 
the case of both species, some of the 
effectiveness of these materials was due 
to ovicidal action. The marked ovicidal 
action of early sprays appeared to be due 
in part to the effect of spray residues upon 
eggs deposited some days after spraying. 
Parathion was considerably more effective 
than EPN in this respect, but the over-all 
control as determined by larval survival 
showed the materials to be about equally 
effective. Although the two species ap- 
parently react in essentially the same way 
to treatment, there are differences in the 
life history and habits which seem to ac- 
count for differences in ovicidal effective- 
ness. The chief such differences are period 
of moth emergence and habits of oviposi- 
tion. The inherent susceptibility of eggs 
of the two species is assumed to be quite 
similar, but specific data on this point are 
lacking. The incubation period was found 
to be the same for both species. Of the 
factors believed to be responsible, the 
period of moth emergence is perhaps most 
important. The peach tree borer emerges 
over a period of approximately six weeks, 
while the lesser peach tree borer emerges 
during a period of over three months. The 
differences in habits of oviposition would 
also be expected to have some practical 
bearing on control. The peach tree borer 
females are weak fliers and most of their 
eggs are laid on the trunks of trees near 
their point of emergence. The eggs of this 
species are not deposited in cracks and 
crevices. The lesser peach tree borer 
females, on the other hand, are active 
fliers. Their eggs are deposited in cracks 
and crevices adjoining wounds on trunks 
and branches. The period of protection 
and the thoroughness of coverage required 
should be greater in case of the latter 
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species. These factors are reflected in re- 
sults obtained under field conditions. For 
example, the most effective single spray 
gave 93 per cent kill of all peach tree 
borer eggs laid during the season, while 
the highest kill in case of the lesser peach 
tree borer was 65 per cent. 

Based on the control data cited above, 
it appears that commercial control of both 
species can be effected with three sprays. 
This eliminates the late (about September 
1) peach tree borer spray which growers 
have found most difficult to apply because 
of its nearness to harvest. Some advantage 
would be gained in applying the initial 
lesser peach tree borer spray so that it 
coincides with the second curculio spray. 
This change would not alter the general 
effectiveness of the borer control program 
(Table 1). The integration of borer sprays 
with the general control program required 
for western New York is shown in figure 3. 
Such a schedule of sprays is at best a 
rough guide which will require modifica- 
tion to meet seasonal variations. The first 
two sprays are well coordinated for control 
of the plum curculio and oriental fruit 
moth. Additional control measures have 
not been required for the oriental fruit 
moth during recent years of relatively low 
activity. These sprays are too late for 
maximum effectiveness against plant 
bugs where these pests present a serious 
problem. The second spray provides ade- 
quate control of early lesser peach tree 
borers as shown earlier. The third spray 
is timed to coincide with completion of 
hatch of cottony peach scale. Sprays ap- 
plied at this time have also proved effec- 
tive against the lecanium scale, which 
generally hatches approximately a week 
later. The last spray is primarily for the 
control of borers, but the timing can be 
adjusted so as to provide some effective- 
ness against the oriental fruit moth. 
Orchard mites have not required supple- 
mentary control measures where this 
schedule of phosphate insecticides has 
been followed. 

Reference has been made here to the 
effectiveness of various materials as ovi- 
cides. The use of this term might be ques- 
tioned as the embryo in eggs affected ap- 
pears to develop normally to the point 
of hatching, but the larva fails to emerge 
through the chorion. Eggs of the plum 
curculio and oriental fruit moth have been 
observed by the writer to be affected ina 
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similar manner by parathion and EPN. 
In investigations using minimum lethal 
dosages of petroleum oils against eggs of 
the oriental fruit moth a similar effect 
was reported (Smith & Pearce 1948). In 
eggs having a relatively short incubation 
period the assumption might be made that 
the lethal effect of a toxicant such as 
parathion occurs as the embryo reaches 
an advanced stage of development. In 
species having a longer incubation period, 
such an explanation is questionable con- 
sidering the short period of residual 
effectiveness generally ascribed to mate- 
rials such as parathion. It might be that the 
persistence of residues on bark surfaces is 
quite different from that of leaf surfaces 
on which most of our residue studies are 
based. In any event, the question arises 
whether the lethal effect of parathion is 
brought about just before the time of 
hatching or whether death of the embryo 
is the final consequence of earlier exposure 
to the toxicant. The evidence in these 
studies is insufficient to warrant conclus- 
sion. A marked effect on developing eggs 
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has been demonstrated, and the manner 
in which this effect occurs is not obvious. 

SumMary.—Field control studies were 
conducted during 1951 using parathion 
and EPN against the lesser peach tree 
borer and the peach tree borer. In addi- 
tion, malathon was also tested against the 
latter species. No essential difference was 
found in response of the two species to 
similar treatments. A high proportion of 
the control obtained could be accounted 
for through ovicidal action. Parathion 
was the most effective material tested in 
this respect. Individual sprays accounted 
for higher control of the peach tree borer, 
probably due to the shorter period of 
moth activity and more exposed location 
of eggs. Commercial control of both spe- 
cies was obtained using three sprays of 
parathion or EPN. Changes are suggested 
in the recommended program so as to 
eliminate the late spray for peach tree 
borer control. The integration of these 
sprays in the general control program is 
considered. 
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Concentration of Several Insecticides for Control 
of Meadow Spittlebug on Red Clover 


GrorGceE G. Gyrisco, Lemac Hopkins, A. A. Muka, and D. S. MARSHALL, 
Cornell University, Ithaca, New York 


In an earlier paper ‘reporting on 3 
years’ work, Marshall & Gyrisco (1951) 
found that benzene hexachloride and diel- 
drin, the former having a slight superiority 
at the lower concentrations, were the most 
effective insecticides tested for the control 
of the nymph of the meadow spittlebug, 
Philaenus leucopthalmus L. Toxaphene, 
methoxychlor, chlordane and heptachlor, 
at relatively heavy concentrations, gave 
good control of the nymphs, but aldrin 
and parathion were much less satisfactory 
because of their poorer immediate toxicity 
and short residual action. Similar results 
have been achieved by other workers 


throughout the country (Weaver 1950; 
Chamberlin & Medler 1950; Weaver 1951; 
and others). Data, however, are largely 
lacking on the minimum effective dosage 
of many of the synthetic organic insecti- 
cides suggested for spittlebug céntrol. 
Therefore, in the spring of 1950, in con- 
junction with studies on the control of the 
clover root borer, Hylastinus obscurus 
Marsham, a series of concentration studies 
were initiated on the nymph of the mead- 
ow spittlebug. The results on the con- 
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trol of the clover root borer will be 
reported in a later paper; this paper is 
concerned only with results on the control 
of the spittlebug nymph during -the past 
2 years. 

Tests IN 1950.—A series of 5 tests 
using aldrin, dieldrin, heptachlor, lindane 
and T'M-1' as dusts were made in a single, 
large field of first crop year medium red 
clover. Each insecticide was used at 4 
concentrations ranging from 0.85 pound 
to 1.25 pounds per acre of actual toxicant 
(Tables 1 to 5). The plots in each experi- 
ment were 10 by 20 feet in size, random- 
ized within blocks, and replicated three 
times. Each experiment was precisely 
laid out with the aid of a field level which 
greatly speeded up the work of staking 
out the experiments. Each concentration 
of insecticide was weighed out accurately 
to the nearest hundreth of a gram for 
each plot of each experiment and then 


Table 1.—Results of treatments with lindane 
at various concentrations as a dust against the 
nymph of the meadow spittlebug on first and 
second crop year medium red clover. G. Sheldon 
; eg (1950), Summerville Farms (1951). Fulton, 
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each toxicant was diluted with talc in a 
mixer and blender to make up 5 pounds 
in order to facilitate distribution. 

On May 23, when the clover root borer 
was near peak flight and 2 weeks after the 
first spittle mass had been seen, all the 
plots in all of the experiments were treated 
with the aid of a hand fertilizer spreader 
(Gyrisco & Marshall 1950). The check 
plots were treated with 5 pounds of talc 
so that each plot including the checks was 
handJed in an identical manner. 

Three weeks after treatment, counts of 
spittle masses were made in each plot with 
the aid of a metal frame enclosing an area 
of 1 square yard. Two samples were taken 
in each plot from areas chosen at random 
by throwing the metal frame into the plot. 
The results from these counts were an- 
alyzed by the analysis of variance and are 


i “Dilan,” Commercial Solvents Corporation. 


Table 2.—A summary of the results from treat- 
ments with dieldrin as a dust at various concen- 
trations against the — of the meadow spittle- 
bug on first and second crop year medium red 
clover. G. Sheldon Farm (1950), Summerville 
Farms (1951). Fulton, N. Y 








ToTaL 
No. Ava. 
Toxicant SpittLtE No. 
Pounps Masses Masses 
PER 6 Sa. PER 
MATERIAL ACRE Yps. Sa. Yo. 


ToTaL 
No. Ava. 
Toxicant SpittLE No. 
Pounps Masses Masses 
PER 6Sa. PER 
MATERIAL ACRE Yps. Sa. Yo. 








First 
1950 Crop Year 3 Week Count 
Experiment A: 
Lindane 0.35 32 5.3 
Lindane 0.50 16 2.6 
Lindane 0.75 18 3.0 
Lindane 1.25 1 0.1 
Check (Talc) — 101 16.8 
Least Significant Difference (19:1) 8.5 
(99:1) 14.1 
Second 
Experiment F: Crop Year 2 Week Count 
Lindane 0.35 28 
Lindane 0.50 18 
Lindane 0.65 5 
Lindane 0.75 13 
Check (Untreated) — 150 
L.S.D. (19:1) 
(99:1) 
1951 First 
Experiment M: Crop Year 3 Week C 
Lindane 0.50 1 
Lindane 0.75 0 
Lindane 1.00 0 
Lindane 1.25 0 
Check (Untreated) — 79 
L.S.D. (19:1) 
(99:1) 
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1950 First 
Experiment B: Crop Year 3 Week Coun 
Dieldrin 0.35 } . 
Dieldrin 0.50 21 
Dieldrin 0.75 
Dieldrin 1.25 
Check (Talc) ~- 101 
L.S.D. (19:1) 
(99:1) 
Second 
Experiment G: Crop Year 2 Week Count 
Dieldrin 0.25 42 7 
Dieldrin 0.35 35 
Dieldrin 0.50 14 
Dieldrin 0.65 9 
Check (Tale) — 205 
Check (Untreated) — 215 
L.S.D. (19:1) 
* (99:1) 
1951 First 
Experiment N: Crop Year 2 Week Count 
ieldrin 0.25 0 
Dieldrin 0.50 0 
Dieldrin 0.75 0 
Dieldrin 1.00 0 
Check (Untreated) — 36 
L.S.D. (19:1) 
(99:1) 
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presented in tables 1 to 5, Experiments 
A to E. 

In an adjacent second-cutting year 
field of medium red clover, a similar series 
o! insecticide concentration plots were 
laid out. These plots were identical in 
size and replication to those of the previ- 
ous tests, except that the concentrations 
of insecticides ranged from 0.25 to 1.25 
pounds per acre of actual toxicant. The 
concentrations of insecticides were so 
calculated as to overlap, in some cases, 
those in the previous experiments. 

In this series of experiments, two of the 
tests were designed with double check 
plots. One series of check plots in each 
experiment was treated with talc while the 
other was left untreated. The purpose of 
these double checks was to evaluate the 
toxicity of tale, alone, to the spittlebug 
nymphs. 

On June 2, all of the plots were treated 
in a manner as previously described. Two 


Table 3.—Effect of treatments with heptachlor 
at various concentrations as a dust against the 
nymph of the meadow spittlebug on first and 
second crop year medium red clover. G. Sheldon 
Farm (1950), Summerville Farms (1951). Fulton, 
New York. 


weeks later spittle mass counts were made 
in all of the experiments. Counts were 
taken 2 weeks after treatment rather than 
the usual arbitrary 3-week interval be- 
cause some of the nymphs were beginning 
to mature and leave the spittle masses at 
that time. These results are presented in 
tables 1 to 5, Experiments F to J. 

In another adjoining field of first-cut- 
ting year medium red clover on the same 
farm, all of the insecticides, except lin- 
dane, which were used as dusts in the 
other experiments, were used as sprays of 
emulsions in order to compare the effec- 
tiveness of the sprays with the dusts and 
to find the minimum effective concentra- 
tion of each formulation. Five insecticides 
were tried in two experiments at similar 
concentrations of toxicant per acre. Previ- 
ous work (Marshall & Gyrisco 1951) had 
indicated that sprays were several times 
more toxic than equal amounts of the 
same insecticide applied as dusts. There- 
fore the sprays were applied at much 


Table 4.—Results of treatments with aldrin at 
various concentrations as dusts against the 
nymph of the meadow spittlebug on first and 
second crop year medium red clover. G. Sheldon 
Farm (1950, 1951). Fulton, New York. 








Tora. 
No. Ava. 
Toxicant Spittte No. 
Pounps Masses Massgs 
PER 6 Sa. PER 
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Tota 
No. Ava. 
Toxicant Spittte No. 
Pounps Masses Masses 
PER 6 Sa. PER 
MATERIAL ACRE Yps. Sa. Yo. 





1950 First 
Experiment C: Crop Year 3 Week Count 
Heptachlor 0.50 109 18.1 
Heptachlor 0.75 90 15.0 
Heptachlor 1.00 87 14.5 
Heptachlor 1.25 45 7.5 
Check (Talc) aa 214 35.6 
L.S.D. (19:1) 13.9 
(99:1) 23.1 
Second 

Experiment H: Crop Year 2 Week Count 

Heptachlor 0.50 70 

Heptachlor : 84 

Heptachlor * 21 

Heptachlor " 86 

Check (Untreated) 192 

L.S.D. (19:1) 


Experiment 0: 3 Week Count 
Heptachlor ‘ 0 
Heptachlor : 0 
Heptachlor : 0 
Heptachlor ‘ 0 
Check (Untreated) 38.0 
L.S.D. (19:1) 
(99:1) 


aoe AOSOSoOSCS 
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1950 First 
Experiment D: Crop Year 3 Week Count 
Aldrin 0.35 133 22.1 
Aldrin 0.50 120 20.0 
Aldrin 0.75 94 15.6 
Aldrin 1.25 129 21.5 
Check (Talc) a 171 28.5 
LS.D. (19:1) 17.9 
Second 


Experiment I: 2 Week Count 
Aldrin a 157 26.1 
Aldrin . 87 14.5 
Aldrin ‘ 75 14.1 
Aldrin ‘ 91 15.1 
Check (Tale) 144 24.0 
Check (Untreated) 151 25.1 

L.S.D. (19:1) 6.5 
(99:1) 10.9 
1951 First 

Experiment P: Crop Year 2 Week Count 
Aldrin 0.25 0 0.0 
Aldrin .50 0 0. 
Aldrin 75 0 0. 
Aldrin .00 0 0. 
Check (Untreated) — a; 

L.S.D. (19:1) 1 # 
(99:1) Ki 





a Ok oe ee eS | 





PPoPAID DDL VOD 2 BPD) >rared> 2 


618 


Table 5.—Effect of treatment at various con- 
centrations of TM-1 as a dust against the nymph 
of the meadow spittlebug on first and second 
crop year medium red clover. G. Sheldon Farm, 
Fulton, New York. 1950. 








TorTaL Ava. 
No. No. 
SpittLE Masses 
Masses PER 
6 Sq. Yos. Sq. Yp. 


ToxIcaNT 
Pounps 
PER 


MATERIAL ACRE 





First 
Crop Year 
0.50 20.3 
0.75 30. 
TM-1 1.00 22, 
TM-1 1.25 19. 
Check (Talc) — 33. 
L.S.D. (19:1) 16. 
(99:1) Q7. 
Second 
Crop Year 
0.50 12. 
0.75 5 9. 
TM-1 1.00 10. 
TM-1 1.25 8. 
Check (Untreated) — 19. 
L.S.D. (19:1) 6. 
(99:1) 11.1 


Experiment E: 
TM-1 
TM-1 


Experiment J: 
TM-1 
TM-1 





lower dosages than the dust. The plots 
were 20 by 80 feet in size and were not 
replicated. 

All of the sprays were prepared from 
proprietary formulations of emulsifiable 
concentrates. The insecticides were 
weighed out for each concentration and 
placed in stoppered bottles for carrying 
into the field. After each concentration 
was used, the tank, hoses and boom were 
flushed out with 2 to 4 gallons of clean 
water before the next treatment was ap- 
plied. 

All the insecticides of Experiments K 
and L were applied on May 17 and May 
24, respectively with the aid of a trailer- 
type, low pressure, low volume sprayer. 
The sprayer was equipped with an 18-foot 
boom which had 15 flat fan-type nozzles 
equally spaced throughout its length. At a 
pressure of 40 pounds per square inch, the 
sprayer delivered 1 gallon of spray per 
minute. With a tractor speed of 0.9 mile 
per hour, one gallon of emulsion spray 
covered 1600 square feet a minute. 

Spittle mass counts were made in a 
manner described previously except that 
the results could not be analyzed by the 
analysis of variance because of the design 
of the experiment. Therefore the results 
are presented in table 6 merely as a per 
cent reduction in the population. It is 
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Table 6.—Effect of treatment with benzene 
hexachloride, heptachlor, dieldrin, aldrin and 
TM-1 as sprays in 2 experiments at several con- 
centrations against the nymph of the meadow 
aa on first cutting year medium red clover, 

. Sheldon Farm Fulton, New York. 1950. 








Toxi- ’ 
CANT No. Per ‘ Per 
Pounps Masses Cent Masses Cent 
PER duc- per  Reduc- 


per 
AcrE Sq. Yd. _ tion Sq. Yd. tion 


MATERIAL 

BHC 0.05r 1.0 

10r 0.6 
0.0 
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Dieldrin 0.05 
0.10 
0 
0 
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not known whether the differences in 
control are significant where the differ- 
ences are not great. 

Tests IN 1951.—During 1951, a series 
of dust experiments similar to those of 
1950 were applied in 4 experiments on 
May 15, 16 and 17 on 2 different fields 
of first-cutting year medium red clover. 
Aldrin, dieldrin, heptachlor and lindane 
were all used at the same rates per acre 
of actual toxicant as the previous year. 
The plots, however, were a little larger in 
size, measuring one two-hundreth of an 
acre, and were replicated 4 times. The 
dusts were handled and applied in a man- 
ner as previously described. 

Counts of spittle masses were made 3 
weeks after the treatment of each experi- 
ment and these results were again an- 
alyzed by the analysis of variance. These 
results are presented in tables 1 to 4, 
Experiments M to P. The counts for 1951, 
however, were adjusted to fit the tables so 
that the total number of spittle masses 
for 6 square yards rather than 8 square 
yards (taken in 1951) is given. 

Discussion OF THE Resutts.—A 
quick comparison of the results for 1951 
with those of the previous year indicates 
that even a material such as aldrin, which 
did not prove satisfactory in previous 
work, appears to give good spittlebug 
nymph control even with the lowest con- 
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centration of toxicant. However, a closer 
examination of the 1951 results shows that 
the infestation was very low during that 
year. Lack of masses therefore in the 
treated plots does not necessarily indicate 
control in those plots, but rather a lack of 
infestation. Since the untreated plots 
had small populations of  spittlebug 
nymphs, small changes in populations of 
the treated plots would be reflected as 
great changes in control if such popula- 
tions are compared on a per cent basis. 
Therefore, the actual counts and differ- 
ences should be compared. It is believed 
that the data for 1951 should be con- 
sidered lightly in view of the data from the 
previous 4 years’ work (Marshall & 
Gyrisco 1951). 

Discounting 1951, during which year 
the populations of spittlebugs were very 
low, there appeared to be no difference in 
the infestations of spittlebugs on the first- 
cutting year red clover and the second- 
cutting year clover. The _ spittlebugs 
were neither more resistant nor more 
susceptible to insecticides on either of the 
two ages of red clover. 

Lindane and dieldrin were the best 
materials tested as dusts and gave fair to 
good control at all concentrations at which 
they were used. Heptachlor gave fair 
control at 1.25 pounds per acre but was 
not wholly satisfactory. Aldrin, metacide 
and TM-1 as dusts were not satisfactory 
at any of the concentrations at which they 
were tested. 

While lindane, as a dust, gave fair 
control at 0.35 pound per acre, it appears 
that at least 0.5 pound per acre of lindane 
should be used as a dust to give satis- 
factory control. Dieldrin was similar to 
lindane in its toxicity and a similar con- 


centration should be suggested for spittle- 
bug nymph control. Heptachlor was in- 
ferior to lindane and dieldrin and at 
least 1.0 pound per acre as a dust is 
needed to give fair spittlebug control. 
A heavier dosage is suggested. Aldrin and 
TM-1, even at dosages of 1.25 pounds per 
acre, did not give satisfactory control. 
Tale alone showed no toxicity to the 
spittlebug. 

As a spray, only benzene hexachloride 
gave good control at all the concentrations 
at which it was used (Table 6). Dieldrin, 
while giving good control in one experi- 
ment, fell down in the second experiment 
but still gave fair to good control at dos- 
ages of 0.10 and 0.15 pound per acre. 
Aldrin, heptachlor and TM-1 gave poor 
to fair results at all of the concentrations 
at which they were tested. Heavier con- 
centrations of these insecticides as emul- 
sions are suggested if they are to be used 
for spittlebug control. 

Emulsion sprays again were superior to 
heavier concentrations of the same in- 
secticides as dusts. 

Summary.—In a series of concentration 
studies on medium red clover during 1950 
and 1951, lindane was found to be effec- 
tive for spittlebug control at dosages as 
low as 0.5 pound per acre of toxicant as a 
dust and as an emulsion (benzene hexa- 
chloride) at concentrations as low as 0.05 
pound per acre of gamma isomer. Dieldrin 
was similar to lindane in its toxicity as a 
dust but was slightly inferior to lindane 
as a spray. Heptachlor at 1.0 pound per 
acre as a dust gave fair control but aldrin, 
TM-1 and metacide were all unsatisfac- 
tory at all the concentrations at which 
they were tried. 


LITERATURE CITED 


Chamberlin, T. R. and J. T. Medler. 1950. Further tests of insecticides to control meadow spittle 
bug on alfalfa. Jour. Econ. Ent. 43(6): 888-91. 

Gyrisco, George G. and D.S. Marshall. 1950. Further investigations on the control of the clover 
root borer in New York. Jour. Econ. Ent. 43(1): 82-6. 

Marshall, D. S. and George G. Gyrisco. 1951. Control of the meadow spittlebug on forage crops. Jour. 


Econ. Ent. 44(3): 289-93 


Weaver, C. R. 1951. Tests of insecticidal control of meadow spittlebugs in 1951. Ohio Agr. Expt. 


Sta. (Mimeo.) Pub. Series No. 20, 1-7. 


Weaver, C. R. 1950. Improvement in hay yields resulting from the control of the meadow spittlebug. 


Jour. Econ. Ent. 43(1): 7-11. 





i th ee Tet eo 





LWP LdFD) rere) o> 


, 
’ 
= 
U 
lq 
, 


we eee meer,» 


Rotary Brush Units for Aerial Spraying Against 
Mosquitoes and Black Flies! 
A. W. A. Brown,? Veterinary and Medical Entomology, Division of Entomology, Ottawa, Canada 


During recent years a concerted at- 
tempt has been made to control Aédes 
mosquitoes by aerial sprays applied over 
large areas surrounding communities in 
subarctic Canada. For this purpose an 
aircraft® has been employed, fitted with a 
gravity-feed straight emission pipe. The 
larvicidal application of DDT at 0.25 lb. 
per acre killed approximately 90 per cent 
of the larvae, but reduced the subsequent 
adult population during the summer Fs 
only 50 per cent (Twinn, e¢ al. 1950). 
plication against adults at those, Xi 
0.5 lb. per acre achieved almost 100 per 
cent control, but at about 0.25 lb. per acre- 
the reduction was unsatisfactory (Gold- 
smith et al. 1949). When this method was 
employed on extensive operations against 
adults at an average dosage of 0.23 lb. 
per acre, between 64 and 99 per cent con- 
trol of adult mosquitoes was obtained at 
the various stations treated (Sharp, pre- 
pared for publication). When an air-scoop 
was fitted to the straight emission pipe, 
application of 0.17 lb. per acre over an 
area of 19 sq. mi. achieved 86 to 98 per 
cent control of adult mosquitoes, suffi- 
cient to give adequate reduction in the 
population for four weeks (Brown et al. 
1951). 

Although the straight emission pipe, 
with or without air-scoop, is satisfactory 
for operations against larvae, it gives too 
coarse a droplet spectrum to be economi- 
cal for treatment against the adults. The 
spectra obtained with DDT in poly- 
methylnaphthalenes (Velsicol) and fuel 
oil showed mass median diameters be- 
tween 300 and 400 microns, and some 
droplets larger than 500 microns in diam- 
eter, which are wasteful as far as killing 
adult mosquitoes is concerned. Therefore, 
attention was paid to using an apparatus 
that could be fitted on to the straight 
emission pipe and that gives sufficiently 
thorough atomization to avoid the pro- 
duction of coarse droplets. Such an ap- 
paratus is afforded by a sheaf of rotary 
brushes driven by an outboard propeller, 
models of which are obtainable commer- 
cially. 

Apparatus.—Rotary brush.A—Consist- 


ing of a sheaf of aluminum discs fringed 
with a brush of fine wire and sandwiched 
between a 10-in. disc of sheet aluminum 
(“cone widener”) and a hub cap that 
could be screwed on tightly (Fig. 1). This 
sheaf is rotated on a horizontal shaft by 
a wooden propeller 23 in. in diameter and 
with a pitch of 50°, steep enough to be 
adjusted to the high speed of the air- 
craft. The rotary brush was mounted un- 
der the fuselage of an aircraft® in place 
of the vertical emission pipe, with a short 
lead of pipe so that the distance from the 
rotor shaft to the fuselage skin was 16 in. 
and the shortest distance from the pro- 
peller tip to the ground, when the aircraft 
was stationary, was 17 in. (Fig. 2). 

Five brush discs were assembled in such 
a way (arrangement “C” of the manu- 
facturer) that three brushes 10 in. in diam- 
eter with 0.0118 wire were alternated 
with two brushes 8 in. in diameter with 
0.005 wire. When the aircraft flies at 
150 m.p.h. the unit is expected to turn at 
2500 r.p.m. Under these conditions, the 
average emission rate of the 10 per cent 
DDT solution was determined to be 1.05 
gal. per second over the full tank load; 
visual examination indicated that this 
rate, with the gravity feed employed, did 
not vary greatly with the hydrostatic 
head in the tank, and that it was con- 
siderably more regular than with the 
straight emission pipe. When DDT con- 
centrate (20 per cent) was emitted, only 
three brushes were used and they were all 
8 in. in diameter with 0.005 wire; the aver- 
age emission rate was 0.58 gal. per second. 

Meruops.—The spruce forest at Goose 
Bay, Labrador, was selected as the locale 
for these tests, and a total of 30 sq. 
mi. was sprayed at different dosages, 
spray concentrations, and brush assem- 
blies. The area sprayed was divided into 

1 Contribution No, 2943, Division of Entomology, Science 
Service, Department of A iculture, Ottawa, Canada; in co- 
qperees with the Royal Canadian Air Force and on behalf of 

Defence Research 
? Head, Department of Zoology, University of Western On- 


tario, London, Canada; in the seasonal employ of the Division 
of Entomology, as Entomologist, when this work was per 


formed. 

* Dakota DC3 (C-47). 

4 Model 851, was yeiand from Independent Crop Dusting 
Inc. Campbell, California 


* Dakota. 
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Fig. 1.—Rear view of rotary brush unit with 
five-brush assembly installed under fuselage of 
Dakota C-47. 


three blocks, each consisting of several 
plots (Table 1), and each block received a 
different treatment. The first block was 
treated with 10 per cent DDT solution 
dispersed by the five-brush assembly. In 
the second block, the dosage was halved 
by substituting 5 per cent DDT as the 
spray solution. In the third block, the ex- 
penditure of solvent was halved by using 
20 per cent DDT dispersed by the slow- 
emission three-brush assembly. 

Applications were made in the evenings 
(with one exception) between June 30 
and July 17, 1951. All emission runs were 
made at 150 m.p.h. ground speed. Al- 
though the author was aware of the re- 
lation of the height-wind product (Brown 
1951) to the cross-track spread of drop- 
lets, it was decided to perform all flights 
at 100 ft. above terrain regardless of the 
speed of the cross-wind component, and 
to lengthen the interval between succes- 
sive lines of flight to 300 yd. 

A 25 per cent concentrate of DDT in 
trimethylnaphthalene! was diluted in 
No. 2 fuel oil (also called diesel oil). Two 
hundred and fifty gallons were loaded into 
each of two tanks, making a 500-gal. air 
load. The first arrangement, with five 
brushes, allowed a total emission time of 
477 sec., sufficient to cover 3.4 sq. mi.; 
the second arrangement, with three small 
brushes, allowed 860-sec. emission and a 
coverage of 6.1 sq. mi. 


Brown: AERIAL SPRAYING AGAINST MosQuitoEs 


Fig. 2.—Front view of Dakota C-47 aircraft showing 
the position of the rotary brush unit slightly port of 
center and slightly forward of the side loading doors. 


Control was measured by taking land- 
ing rates of mosquitoes the day before 
and the day after spraying. The observer 
waited at a spot for 1 min.; then, watch- 
ing the front of the trousers between 
knees and belt, he counted the black flies 
landing on them during the second min- 
ute, and the mosquitoes landing during 
the third minute. As far as conditions al- 
lowed, sampling points were taken every 
100 yd. on a line running at right angles 
to the emission runs. 

The spray was assessed for droplet size 
and dosage by a line of sampling points 
running for 900 yd. downwind and cross- 
track of the aircraft, which was flown at a 
height of 100 ft. at right angles to the 
wind direction. The droplets were caught 
on coated microscope slides? and sized 
microscopically, a spread factor of 0.5 
being assumed. The dosage was deter- 
mined by catching the spray dyed red, 
on 4-in. petri dishes and assessing the de- 
posit density colorimetrically. The air- 
borne component of the spray was 
sampled by cascade impactors operated 
at 17.5 liters per minute. 

Resutts.—Details of the acreage 
treated, the dosage of DDT, and the de- 
gree of control as indicated by pre-spray 
and post-spray assessments at the same 
points are shown in table 1. 

With 10 per cent DDT, 10.2 sq. mi. 
was sprayed at 1.05 gal. per sec., giving 
an average dosage of 0.22 lb. of DDT per 
acre; this was done in three flights, two 
of which each covered two areas differing 
in forest cover type. The reduction in 
landing rate of mosquitoes varied from 


1 Velsicol AR-60. 
2 Coated with G.E. Drifilm 9987. 
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Table 1.—Data from spraying 28.2 sq. mi. with DDT by rotary brush units on a Dakota C47 air- 
craft to control adult Aédes mosquitoes, Goose Bay, Labrador. 








TotaL Count 















Heicut 
Wind Post-spray 
Dosage Propvuct -—_ Repuc- 

PLot AREA LB. PER FT.- Forest No. or Pre- Incl. Excl. TION 

No. ACRES ACRE MI./HR. Type SamMpLes”- spray Edges Edges Perr Cent 
10% DDT, 1.05 gal./sec. 

I 2048 0.232 1200 Dense 33 1244 57 10 99.2 

Il 1310 0.230 400 Open 18 96 0 0 100.0 

Ill 960 0.212 450 Dense 15 350 24 5 98.6 

IV 1040 0.217 1000 Dense 16 189 7 5 97.4 

V 1150 0.217 1000 Open 24 43 1 1 97.7 

Average(weighted by area) 98.7 














5% DDT, 1.05 gal./sec. 











VI 2250 0.111 700 Dense 25 430 164 93 78.3 
VII 1060 0.112 1200 Open 15 7 1 1 98.7 
Vill 1000 0.112 1200 Dense 12 198 30 30 85.1 
XI 2240 0.117 300 Dense 21 285 47 22 92.5 
Average 87.4 

20% DDT, 0.58 gal./sec. 
X 1600 0.261 400 Dense 23 71 10 3 90.2 
XI 2200 0.262 200 Open 36 10 0 0 100.0 
XII 1230 0.275 200 Dense 14 203 104 13 94.3 
Average 96.5 











97.4 per cent to 100 per cent, and aver- 
aged at 98.7 per cent. 

With 5 per cent DDT, 10.2 sq. mi. was 
sprayed at 1.05 gal. per sec., giving an 
average dosage of 0.11 lb. per acre. The 
control of mosquitoes averaged 87.4 per 
cent, ranging from 98.7 per cent in the 
open forest to 78.3 per cent in a plot that 
contained spots of very dense forest, in 
which the landing rate was reduced by 
only one-fifth; this plot was treated in the 
morning, when the air temperature was 
only 48° F. 

With 20 per cent DDT, 7.8 sq. mi. was 
sprayed at 0.58 gal. per sec., giving an aver- 
age dosage of 0.267 lb. per acre. The aver- 
age population reduction of mosquitoes 
was 96.5 per cent. 

It was more difficult to evaluate the ef- 
fect of the spray treatments on black 
flies (Simuliidae), since they are highly 
mobile and their numbers and activity 
vary widely. However, the pre-spray and 
post-spray assessments for the three dif- 
ferent treatments gave the figures shown 


below. 











Table 1 shows that the maintenance of 
the flying height at 100 ft. above terrain 
resulted in a variety of height-wind (HU) 
products because of the various wind 
speeds and directions prevailing at the 
time of each treatment. The fineness of 
the spray dispersed from the rotary 
brushes was sufficient to ensure coverage 
of the 300-yd. swaths in all cases of 
height-wind products varying down to 
200 ft.-mi. per hr. over open woodland, 
and down to 300 ft.-mi. per hr. in dense 
woodland. In plot 12 which was dense 
woodland treated at a HU product of 
only 200 ft.-mi. per hr., the lack of cover- 
age was evident in the non-reduction of 
mosquito population from 200 to 300 yd. 
cross-track of each emission run. The 
population reduction reported in table 1 
for plot 12 is based on counts at sampling 
points 100 yd. and 200 yd. cross-track of 
each emission run, the 300-yd. sampling 
points being omitted from consideration. 

An additional 1.8 sq. mi. was treated 
during special flights made to assess the 
droplet size and the deposits obtained 
with each of the two brush assemblies. 
The figures for these assessments are 


TREATMENT, DDT Pre- Post- Repvuc- = 
Ls. PER ACRE Spray Spray TION shown in tables 2 and 3. For each brush 
i - assembly a determination was made of 
Oe nd oc o jo mee the droplet spectrum of the spray de- 
20% DDT. 0.27 414 55 87% posited at successive distances downwind 





and cross-track, of the droplets remaining 
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Table 2.—Assessment of spray from five-brush assembly of a rotary brush unit (10% DDT emitted 
at 1.05 gal./sec. Height-wind product 1050 ft.-mi./hr.). 








Droplet Spectrum 


18 27 36 45 


23 


Diameter in microns 
Per cent of total —. 
number of droplets 3.7 
Per cent of total 
mass of droplets Re 7 
Median diameter=97 microns. 


13 18 31 


Py 


5h 


0.8 
Mass median diameter=195 microns. 


72 90 112 135 180 


41 52 67 78 92 


2.2 58.1 11 23 


55 





Material Deposited on Ground 


Distance downwind 
(cross-track) yards 

Deposit densities lb. 
per acre of DDT 

Mean (arithmetic) 
diameters of drop- 
lets in microns 


200 225 250 


we 
27 


0.27 0.382 0.62 


315 193-163 


300 


0.28 0.21 


325 350 3375 400 500 


0.38 0.28 0.25 0.09 Tr. 


168 96 97 78 





Material Remaining Airborne 


Diameter in microns 18 27 36 45 

No. of droplets re- 
covered at 450 yd. 

No. of droplets re- 


covered at 900 yd. 


32 26 


13 $ 5 


40 17 6 + l 


54 72 90 


3 5 


9 


Mass median diameter at 450 yd.=65 microns; at 900 yd.=27 microns. 





airborne at 450 and 900 yd. cross-track, 
and of the deposit densities for a distance 
of 500 yd. cross-track. 

The spread factor for lenses formed by 
the spray droplets on the film surface was 
determined by the method of May (1945); 
the 10 per cent DDT solution in tri- 
methyl naphthalene and fuel oil had a re- 
fractive index of 1.53. For droplets be- 
tween 100 and 200 microns in diameter 
this factor averaged 0.5, and for 50-mi- 
cron droplets it decreased to 0.45. This 
spread factor was not found to decrease, 
due to an increase in lens diameter, during 
the three hours required for the assess- 
ment; however, certain lenses did lose 
their circular outline and introduced the 
factor of judgment in the measurement of 
their diameter. The figures tabulated in 
tables 2 and 3 are based upon a spread fac- 
tor of 0.5, 7.e., the diameter of the droplet 
is taken as half the diameter of the lens it 
produces on the film surface. 

Table 2 shows that the five-brush as- 
sembly emitting 10 per cent DDT solu- 
tion at 1.05 gal. per sec. gave a droplet 
spectrum the mass median diameter of 
which was 195 microns. There were no 
droplets larger than 315 microns in diam- 
eter, and about 50 per cent of the vol- 
ume of the spray was included in the sizes 
between 135 and 225 microns. Approxi- 
mately 8 per cent of the volume occurred 
as droplets smaller than 100 microns in 


diameter. When dispersed at a height- 
wind product of 1050 ft.-mi. per hr., the 
largest droplets did not reach the ground 
until they were 200 yd. downwind of the 
aircraft, and the heaviest deposit fell at 
a distance of 250 yd. downwind and cross- 
track. The cascade impactor samples 
showed that droplets up to 90 microns in 
diameter were still airborne at 450 yd. 
downwind, and up to 45 microns at 
900 yd. downwind. 

Table 3 shows that the three-brush as- 
sembly emitting 10 per cent DDT solu- 
tion at 0.58 gal. per sec. gave a droplet 
spectrum the mass median diameter of 
which was 180 microns. The largest 
droplets were again in the 315-micron 
class, while as much as 60 per cent of the 
volume of the spray consisted of droplets 
ranging from 135 to 225 microns. Ap- 
proximately 15 per cent of the volume oc- 
curred as droplets smaller than 100 mi- 
crons. When dispersed at a height-wind 
product of 400 ft.-mi. per hr., the largest 
droplets reached the ground 50 yd. down- 
wind of the aircraft, and the maximum 
deposit was 100 yd. cross-track. Cascade 
impactor samples showed that droplets 
up to 35 microns in diameter remained air- 
borne at distances of 450 and 900 yd. 
downwind. 

Discussion.—Table 1 shows that the 
best results against mosquitoes were ob- 
tained with 10 per cent DDT solution ap- 
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Table 3.—Assessment of spray from three-brush assembly of a rotary brush unit (10% DDT emitted 
at 0.58 gal./sec. Height-wind product 400 ft.-mi./hr.). 








Droplet Spectrum 


Diameter in microns 9 18 27 36 
Per cent of total 
number of droplets 6.9 16 26 39 
Per cent of total 
mass of droplets 01 .04 0.2 0.6 
Median diameter =65 microns. 


54 72 90 112 135 180 225 270 3165 
48 56 70 80 86 97 99 99 100 
15 $3.3 9.7 20 29 67 89 98 100 


Mass median diameter= 180 microns. 





Material Deposited on Ground 


Distance downwind 

(cross-track) yards 50 75 100 125 
Deposit densities 

lb. peracreof DDT 0.76 3.30 1.86 0.80 
Mean (arithmetic) 


150 175 200 300 400 500 600 700 800 
0.12 0.16 0.08 Tr. Tr. Te.. Te. Te. Tr. 





diameters of droplets 
in microns 219 189 114° 86 54 41 41 9 4 SB WwW @M 19 
Material Remaining Airborne 
Diameter in microns 9 18 2? 86 


No. of droplets 

recovered at 450 yd. 56 40 31 4 
No. of droplets 

recovered at 900 yd. 13 12 3 1 


Mass median diameter at 450 yd.=17 microns; at 900 yd.=13 microns. 





plied at a dosage of 0.22 lb. (gal.) per 
acre. Reduction of the dosage to 0.11 lb. 
per acre, by reducing the concentration 
of the spray to 5 per cent DDT, resulted 
in inadequate control. Reduction of the 
total volume of spray but not of the dos- 
age, by increasing the concentration to 
20 per cent DDT, did not give quite so 
good results. Against black flies the 20 
per cent DDT solution was applied at the 
peak of infestation and the 87 per cent 
population reduction is probably a true 
representation. However, the experiments 
with 5 and 10 per cent DDT solutions 
were conducted during a period of rap- 
idly rising numbers of black flies, and 
the 80 per cent reduction with 10 per cent 
DDT at 0.22 lb. per acre probably repre- 
sents practical elimination of black flies 
in the area at the time of spraying. It may 
be stated that the application of 10 per 
cent DDT at 1 gal. per sec. from the 
Dakota aircraft at 300-yd. intervals, the 
first method to be selected in these trials 
with the rotary brush, gives the most sat- 
isfactory and economical results against 
adult mosquitoes and black flies in the 
Canadian subarctic. 

In addition to achieving better con- 
trol of adults than the straight emis- 
sion pipe for which it was substituted, 
the rotary brush allows great economy 
in flying time. For expenditures of 0.25 lb. 
of DDT per acre, the straight emission 
pipe method dispersed 4 per cent con- 


centrations in 200-yd. swaths and al- 
Jowed only 1 sq. mi. to be covered per 
flight; the rotary brush dispersed 10 per 
cent solutions in 800-yd. swaths and 
covered as much as 3.4 sq. mi. per flight. 
When 20 per cent DDT is used with the 
three-brush assembly, 6.1 sq. mi. may be 
covered per flight without much loss in 
efficiency, the control still being better 
than that with the straight emission pipe. 

Also, the use of 10 per cent (wt/vol.) 
solution with the rotary brush allows a 
considerable saving in diluent as compared 
with the 4 per cent (wt/wt) solution 
previously employed. The amount saved 
is 365 gal. per square mile, only 90 gal. of 
fuel oil being required to dilute every 45 
gal. of 30 per cent DDT concentrate in- 
stead of the 455 gal. formerly required for 
the 33 per cent concentrate used (see 
Twinn ef al. 1950). This saving becomes 
even more marked if 20 per cent solutions 
are employed. 

A further point of practical importance 
is that this method allows satisfactory 
coverage at a wide range of height-wind 
products. .Thus the air-crew may be in- 
structed to maintain a fixed flying height 
of 100 ft. above terrain. This is sufficient 
to allow overlap even with lines of flight 
300-yd. apart provided that the height- 
wind product is not less than 400 ft.-mi. 
per hr., 2.e., such as is provided by a 
4-m.p.h. cross wind. In light winds it is 
recommended that the spraying height 
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be raised to 150 ft. and in very light winds 
to 20 ft. above terrain. 

There is no doubt that there is room for 
improvement in the fitting of the rotary 
brush for applications to control adult 
mosquitoes from Dakota aircraft. The 
present position of the unit is too close to 
the fuselage, and much of the spray is 
caught up into the slip stream in the tail 
region. It could not be put lower owing 
to the danger of its propeller catching on 
the runway upon landing. It is possible 
that it could be placed farther forward 
and thus lowered a greater distance from 
the fuselage skin. Also, droplet size in- 
vestigations may indicate that even finer 
sprays are more effective. However, it is 
the opinion of the author that substan- 
tially finer atomization would be difficult 
to achieve with brushes emitting so great 
a volume of spray, and that difficulties of 
target-finding at practical flying heights 
above woodland would result.! 

SumMAryY.—A rotary brush unit was 
tested on a Dakota DC3 (C-47) aircraft 
for its suitability for control of adult 
Aédes mosquitoes in subarctic spruce for- 
est. It was mounted below the fuselage 
and supplied by gravity feed through a 
vertical discharge pipe. 

With a five-brush assembly on the unit, 
the droplet spectrum obtained with 10 
per cent DDT in polymethylnaphthalene 
and fuel oil emitted at 1.05 gal. per sec. 
when the aircraft flew at 150 m.p.h. 
showed a mass median diameter of 195 
microns. With a three-brush assembly 
emitting at 0.58 gal. per sec. the mass 
median diameter was 180 microns. No 
droplets were greater than 315 microns in 
diameter. 

Spraying runs were made 300 yd. apart 
and at a height of 100 ft. When 10 sq. mi. 
were treated with 10 per cent DDT dis- 
persed by the five-brush assembly, at 
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0.22 lb. of DDT per acre, an average of 
98.7 per cent reduction of adult mosquito 
population was obtained; the average re- 
duction of black flies was not less than, 
and probably considerably more than, 
80 per cent. When 5 per cent DDT was 
dispersed by the five-brush assembly over 
a similar area at 0.11 lb. per acre, the 
average reduction was 87.4 per cent. for 
mosquitoes and only 24 per cent for black 
flies. When 20 per cent DDT was dis- 
persed by the three-brush assembly at 
0.27 lb. per acre, the average reduction of 
mosquitoes was 96.5 per cent and of black 
flies 87 per cent. 

The use of the rotary brush in opera- 
tions against adult mosquitoes has the fol- 
lowing advantages over the straight 
emission pipe formerly used in Canada: 

(a) better control: an average of 99 per 
cent as compared with 85 per cent; 

(b) economy in flying time: 3.4 sq. mi. 
may be treated in one flight as against 1 
sq. mi. With lines of flight 300-yd. apart 
only 6 runs per mile of starting line are re- 
quired as against 9; 

(c) greater simplicity: the application 
may be made at 100 ft. above terrain at 
nearly all wind speeds; the flying height 
needs to be increased only when the cross- 
wind component falls below 4 m.p.h.; 

(d) economy in material: substitution 
of a 10 per cent for a 4 per cent DDT 
spray allows considerable economy in the 
fuel oil used as a diluent. 

1 Acknowledgments: The author is indebted to Dr. C. R. 
Twinn, Head, Household and Medical Entomology, Ottawa, 
for obtaining the rotary brush unit and for his never-failing 
assistance in supplying staff and facilities for this project. Grate- 
ful acknowledgment is made to Mr. A. C. Jones, Defence Re- 
search Board of Canada, Ottawa, for facilitating arrangements 
for these tests. Valued assistance in the field experiments was 

iven by Mr. D. L. Watson, Mr. L. M. Fisher, and Mr. R. P. 
5 cn ig Household and Medical Entomology, Ottawa, and 
by Lt. R. Applewhite, U. S. Army, whose services were kindly 
loaned by the U. S. Surgeon-General’s Office. Thanks are also 
due the Royal Canadian Air Force, and the flying staff of the 
Goose Bay Station: G/C L. J. Birchall, S/L J. A. Lewis, S/L 
S. W. Yoder, F/L D. R. Cuthbertson, and F/O J. L. G. Theri- 


ault, for ensuring that the aerial spraying tests were correctly 
carried out. 
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Effect of Spittlebug Infestation on Nutritive Value of 
Alfalfa and Red Clover 


C. R. Weaver and J. W. Hisss,' Ohio Agricultural Experiment Station, Wooster 


The meadow spittlebug has been a 
serious pest of legume hay crops in recent 
years throughout most of the northeastern 
quarter of the United States. When in- 
festations have been heavy, the insect 
has caused reductions in the yields of 
hay. Where control measures have been 
applied, the resulting hay has been im- 
proved in appearance and has led to 
many statements that the “quality” is 
improved. During the past three years 
studies were conducted to determine the 
effects of spittlebug infestations on the 
total yield as well as the nutritive value of 
alfalfa and red clover as measured by the 
differences in the dry matter, protein, 
and carotenoid? content of the crops from 
treated and untreated plots. 

Meruops AND Marertats.— All of the 
legume samples were selected from repli- 
cated field plots of various spittlebug con- 
trol treatments. Only plots with large 
differences in spittlebug populations were 
chosen so that nutritive differences would 
be detected if any occurred. Reduction 
in the numbers of the insets was accom- 
plished by the use of proprietary formula- 


Table 1.—Dry matter, protein, and carotenoid content and yield of alfalfa with various populations 


tions of benzene hexachloride, toxaphene, 
or chlordane in the spring or DDT in 
the fall. The materials were applied with 
power sprayers in a manner similar to that 
described by Weaver (1951). Where yield 
records were taken they were obtained 
by the method mentioned by Weaver 
(1950). 

Spittlebug nymph populations were 
estimated by counting nymphs per stem 
or determining the per cent of stems in- 
fested. Chamberlin & Medler (1950) have 
shown that the latter of these methods 
has a tendency to give overevaluations 
of the true population. For this reason 
all of the counts obtained in 1951 and part 
of those in 1950 were made by counting 
nymphs per stem. 

Plant samples for analysis were cut by 
hand from several square-foot areas in 
each replicate of all treatments used. All 
of the plant material from plots of a given 


1 Assistant Entomologist and Associate in Dairy Science, re- 
spectively. The authors herewith express appreciation to Miss 
Barbara Carson, Mr. R. L. Johnson, and Mr. D. R. King for 
technical assistance during the course of this work. 

2 Carotenoids refers to a mixture of yellow pigments not pure 
6 carotene. The samples were not run through a chromatographic 
tower. 















































of spittlebug nymphs. j 
Caro- I 
Per CENT TENOID, 
DATE OF SprttLeBuG Dateor YIELD OF Date oF Dry Per Cent Moe/G 
Test ‘TREATMENT PopuLATION HARVEST Hay? Samputinc Matrer Protein Dry Wr. 
1 4-29-49 0 6-7 64654 6-6 24.5 17.5 188 
5-10-49 0 6-7 5739 6-6 25.5 18.0 195 
None 75.0 IS! 6-7 4126 6-6 26.5 16.7 158 
4 5-12-50 0 5-24 24.0 13.8 171 
5-12-50 25.3 IS 5-24 24.0 14.9 183 
None 66.5 IS 5-24 25.0 13.6 159 
3 5-1-51 .01 BS? 6-15 7550° 6-12 24.2 16.2 145 
4-23-51 1.22 BS 6-15 6763 6-12 24.5 18.3 161 
None 8.65 BS 6-15 6598 6-12 24.5 17.6 145 
t Fall 1950° 0.16 BS 6-11 22.0 18.3 214 
None 4.41 BS 6-11 22.0 18.1 196 
5 Fall 19503 22.0 14.1 168 
None 22.5 12.4 165 





1 1S=Per cent infested stems, 
2 BS =Spittlebug nymphs per stem. 


5 Same as test 4 except that timothy was not separated from the mixture. 


4 Alfalfa-red clover mixture. 
5 Alfalfa-ladino-timothy mixture. 


® An application of DDT to the new seeding was made on each of the dates 7-27, 8-10, 9-2, and 9-21. 


7 20 per cent moisture. 
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Table 2.—Dry matter, protein, and carotenoid content and yield of medium red clover with various 
populations of spittlebug nymphs. 
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DATE OF SpPItTLEBUG DATE OF 
Test TREATMENT PopuLaTiION HARVEST 


Caro- 
Per Cent TENOIDS 
YIELD OF DATE OF Dry Per Cent Moe/G 


Hay* Sampurinc Marrer Protein Dry Wr. 























1 4-29-49 0 6-7 6465 6-6 20.2 14.9 206 
5-10-49 0 6-7 5739 6-6 21.5 14.9 202 
None 75.0 IS! 6-7 4126 6-6 24.5 14.6 184 
2 5-12-50 0 6-14 18.5 14.2 197 
5-12-50 25.3 IS 6-14 19.0 13.5 187 
None 66.5 IS 6-14 19.0 14.9 183 
6 5-13-50 0.04 BS? 6-14 32008 6-14 22.5 18.3 161 
5-24-50 0 6-14 3199 6-14 22.8 15.2 170 
None 3.28 BS 6-14 2212 6-14 23.8 14.8 161 
7 5-8-50 0 6-8 4166 6-8 18.0 15.3 223 
None 69 IS 6-8 2300 6-8 21.1 15.7 216 





11S=Per cent infested stems. 

2 BS =Spittlebug nymphs per stem. 

3 Red clover alfalfa mixture. 

420 per cent moisture; harvest in 1951. 


treatment was combined and thoroughly 
mixed. The particular plant desired, al- 
falfa or red clover, was separated from the 
mixture and ground in a Hobart food 
chopper. This chopped material was mixed 
and samples weighed immediately for dry 
matter and carotenoid analysis. 
Carotenoids were determined by the 
method described by Hibbs et al. (1949). 
Dry matter was determined by drying 
duplicate 100 gram samples overnight in 
aun oven maintained at 100° C. These 
samples were then used for analysis for 
total nitrogen by the Kjehdahl method. 
Protein was calculated by multiplying 
the value for total nitrogen by 6.25. 
EXPERIMENTAL Resuurs.—The re- 
sults of the various analyses for alfalfa 
are presented in table 1, for red clover in 
table 2. In these tables “date of treat- 
ment” refers to the time that the insecti- 
cides were applied. Controls applied too 
late do not produce as large yield increases 
as those applied early, so the date of 
treatment is important. “Date of sam- 
pling” refers to the time that the plant 
material was collected for analyses. 
“Date of harvest” refers to the time that 
yield records, if any, were taken. Plots in 
tests number one and two contained both 
alfalfa and red clover so that the infesta- 
tions and yields which were taken on the 
entire mixture are presented as identical 
for the two crops in those tests. It should 
be noted also that the data in tests 4 and 
5 are from the same plots. In test 4 the al- 





falfa was analyzed alone. In test 5 the 
entire hay mixture, including alfalfa and 
timothy, was analyzed. 

Discussion.—The yield increases of 
hay mixtures resulting from treatment 
for spittlebug control ranged from approxi- 
mately one-half to one ton per acre. The 
increase of 950 pounds (7550 pounds over 
6598 pounds) in 1951 was less than the 
increases in 1950 and 1949. However, an 
increase of 1000 pounds per acre is more 
than enough to justify the cost of treat- 
ment. 

The percentage dry matter in plants 
with heavy spittlebug infestations was 
always equal to or greater than that in 
plants where spittlebugs were controlled. 
In alfalfa the percentage dry matter var- 
ied from 0.5 to 2.0 greater in the untreated 
than in the treated. In like manner the 
percentage dry matter in clover ranged 
from 0.5 to 4.2 greater in the untreated 
than in the treated. In both crops the 
greatest differences occurred in 1949. In 
a season comparable to 1951 when the 
growth is rank and heavy, the hay be- 
comes difficult to cure. In such cases 
higher yields resulting from spittlebug 
control contribute to difficulty of curing 
and might be considered a disadvantage. 

In most instances the protein content 
in alfalfa as measured by total nitrogen 
was somewhat higher in treated plants, 
although the difference in percentage 
protein amounted to only 0.2 to 1.7. An 
exception may be noted in test 3 where the 
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untreated actually showed more protein 
than the treated. The greatest increase 
in per cent protein, 1.7, occurred in the 
alfalfa-timothy mixture where the increase 
in alfalfa alone was only 0.2. This indi- 
cates that any increased protein content 
in mixed hays resulting from spittlebug 
control are probably due to an increase 
in the proportion of legume in the hay 
mixture rather than from an increase in 
the protein content of the legume itself. 
Since the spittlebug attacks legumes more 
severely than it does the grasses, this 
seems to be a logical conclusion. 

In red clover, no consistent increases 
in protein content occurred as a result of 
spittlebug control. 

Carotenoids in alfalfa were increased 
from 3 to 37 milligrams per gram of dry 
matter and in red clover from 4 to 22 
milligrams following treatment for spittle- 
bug control. However, these relatively 
minor differences would not justify treat- 
ment for the increase in this nutrient 
alone. 

The most striking differences due to 
treatment of both alfalfa and red clover 
occurred in 1949. This was true of yield, 
dry matter, protein, and carotenoid con- 
tent. Weaver et al. (1950) have stated 
that the effect of the spittlebug is condi- 
tioned by the presence of the clover leaf 
weevil and by growing conditions in the 
early spring. Since abundant rainfall at 
the start of the growing season is condu- 
cive to good legume growth as well as to 
the development of a fungus disease which 
kills the clover leaf weevil, it may be re- 
vealing to compare the rainfall in the 
three years in which these tests were con- 
ducted. The inches of rainfall recorded at 
Wooster for the period April 15 to May 15 
were 2.08 in 1949, 4.01 in 1950, and 3.97 
in 1951. During the spring of 1949, a dry 
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year, the larvae of the clover leaf weevil 
were abundant and damaged red clover 
severely during its early stages of growth. 
Red clover can recover from this damage 
if it encounters no further setbacks. The 
presence of large numbers of sap feeding 
spittlebugs immediately following damage 
by the leaf weevil prevents adequate 
recovery of the clover. Climatic conditions 
in the 1950 and 1951 season were un- 
favorable for the clover leaf weevil and 
exceptionally favorable for early legume 
growth; as a result the effects of the 
spittlebug were not as pronounced. 

Summary.—Data obtained during three 
seasons from tests of the effect of spittle- 
bug nymphs on the nutritive value and 
yield of red clover and alfalfa are pre- 
sented. Control of the spittlebug resulted 
in one-half to one ton increase in yields 
of mixed hay. On a percentage basis, dry 
matter content of clover and alfalfa was 
reduced when insects were controlled. 

Differences in the nutritive value as 
measured by chemical analyses for pro- 
tein and carotenoid content were observed 
but were not important enough to warrant 
the statement that spittlebugs signifi- 
cantly reduce the nutritive value of the 
individual legume in a hay crop. However, 
marked increases in nutritive value of a 
mixed hay crop treated for spittlebug 
control could result from the increased 
proportion of legume in legume-grass 
mixtures. 

Weather conditions and accumulations 
of other insect species tend to condition 
the amount of damage that the spittlebug 
causes. Good growing conditions and 
abundant rainfall in the early spring les- 
sen the effect of spittlebugs on the nu- 
tritive value of the crop as well as the total 
crop yield. 
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Effects of Sun, Wind and Rain on DDT 
Dust Residues on Forage Crops! 


Lemac Hopkins, GeorcE G. Gyrisco and L. B. Norton, Cornell 
University, Ithaca, New York 


The reduction of insecticide residues 
on plants with time can be attributed to 
several factors. Growth of the plant re- 
sults in a reduction of the residue on the 
weight basis, due to an increase in the 
weight rather than a decrease in the total 
quantity of insecticide. An actual loss of 
the insecticide also occurs through a com- 
bination of chemical and physical proc- 
esses usually grouped together under the 
term “weathering.” Sloan et al. (1951) 
studied the relative importance of growth 
and weathering on the reduction of resi- 
dues on lettuce and summarized the pre- 
vious information on the subject, but 
made no attempt to study the component 
factors involved in the weathering process. 
The present report includes a series of 
experiments designed to evaluate the 
relative importance of sunlight, wind, 
and rain in weathering dust deposits of 
DDT on forage crops in the field, under 
conditions which largely eliminated the 
growth factor. 

Many of the factors affecting weather- 
ing, such as temperature, humidity, light 
and rain have been investigated, but their 
relative importance and the mechanism 
of their action is often uncertain. 

The effects of temperature and humid- 
ity on DDT deposits and residues were 
were investigated by Gunther (1945), 
Sweetman (1945), Burgess & Sweetman 

(1949) and by Chishom & Koblitsky 
(1947). These authors came to the general 
conclusion that high temperatures caused 
a loss of DDT residues and high humidity 
accelerated the rate of loss. High tempera- 
tures might be expected to cause an in- 
crease in the rate, either of chemical de- 
gradation or of volatility. The vapor pres- 
sure of DDT was reported by Balson 
(1947) to be 1.5X10-7 mm. at 20° C. 
and 7.2X10-7 mm. at 30° C. Dustin et 
al, (1947) reported no indication of resi- 
due loss of DDT when testing its effective- 
ness as a fumigant, while Fleck (1949) 
considered the prolonged residual action 
of DDT to be due to its low vapor pres- 
sure and its stability to oxidation. Fleck 
(1944) concluded that the loss of DDT 
deposits by volatilization occurs too slow- 


ly to be of any great importance. It might 
therefore be concluded that the tempera- 
ture affects DDT deposits more by chemi- 
cal than by physical means. 

Sunlight may affect deposits of DDT 
by raising the temperature, the effect 
of which has just been discussed or by the 
independent action of its ultraviolet com- 
ponent. The latter has been investigated 
by a number of workers. Chisholm & 
Koblitsky (1947) reported that a 20.2 to 
22.2 per cent loss of technical DDT dusted 
on glass slides was effected by 64 hours of 
mid-summer sunlight. Lindquist et al. 
(1946) and Chisholm et al. (1949) also 
reported that sunlight deleteriously af- 
fected the deposits of DDT. Vandramini 
(1947) reported that an exposure of DDT 
to one hour of ultraviolet rays caused 
the same loss of effectiveness to Droso- 
phila melanogaster as 30 days of natural 
light. Most of this work indicates that 
sunlight and artificial ultraviolet light 
cause a greater change than the associated 
temperature change could explain. Gun- 
ther & Tow (1946) reported that under 
field conditions, DDT, may disappear 
rapidly leaving a residue of almost non- 
insecticidal dehydrohalogenation product. 
Later Fleck (1949) reported that ultra- 
violet light catalyzes the decomposition 
of DDT which in the presence of air pro- 
duces 4,4-dichlorobenzophenone. These 
reports indicate the mechanism by which 
the effectiveness of DDT residues in the 
field are reduced. 

Work by Fennah (1945) indicates the 
effectiveness of rain in reducing the resi- 
dues of DDT. By exposing glass slides 
sprayed with DDT to 1.6 inches of inter- 
mittent rain, progressive erosion of the 
aggregates was obtained. He suggested 
that moderate showers may seriously 
reduce insecticide deposits on the upper 
surfaces of leaves. It was reported by 
Hadaway & Barlow (1949) that 0.87 
inches of rain during the first 24 hours 
after an application of DDT wettable 
powder washed off most of the deposit. 


1 The authors wish to acknowledge the financial support given 
this project by the Geigy Company, Inc. of New York which 
made this work possible. 
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Langford & Squires (1947) reported DDT- 
sprayed grape leaves remained effective 
against Japanese beetles 15 days and 4 
rains after an application of wettable 
powder. Gunther et al. (1946) and Gins- 
burg et al. (1949) also reported on the 
effects of rain on insecticide deposits. 
Kirk (1951), by simulating rainfall with 
overhead irrigation, investigated the ef- 
fects of rain on DDT spray deposits on 
potatoes. He reported that 0.5 inches of 
water applied just after drying of a spray 
of DDT wettable powder removed 86.4 
per cent of the initial deposit but, if the 
water was not applied until 24 hours or 
more after spray applications, the resi- 
dues were much less susceptible to erosion. 
All evidence points to an almost entirely 
mechanical effect of the rain. 

As far as is known, no data have been 
reported on the effects of the wind in 
removing insecticide deposits. 

From the above discussion of the effect 
of the chemical reactions and physical 
losses of DDT residues, it is obvious that 
each factor alone shows a moderate but 
important effect in most cases. In the 
field all factors of weathering (Sloan et al. 
1951) acting together cause a rapid reduc- 
tion of the residue, especially at optimum 
conditions. 

The data reported herein are the re- 
sults of the work of two summers on the 
effects of the principal components of 
weathering on the residues of DDT dust 
on forage crops. Although time did not 
permit replication of the tests, the results 
were consistent enough to furnish good 
preliminary conclusions. No allowance 
was necessary for growth (since growth 
was almost complete at the time the tests 
were initiated) and no attempt was made 
to differentiate between the chemical and 
physical mechanisms. An attempt was 
made to evaluate the effects of each 
component separately and in combina- 
tion with each of the others. 

ProcepurE.—A strip of red clover, 
which had almost completed its growth 
was dusted with a 5 per cent ribbon mill 
mixed DDT dust. This dust was applied 
with an even-feed power forage duster 
at a rate of approximately 8 pounds of 
actual DDT per acre. This rate was much 
heavier than ordinarily is applied to for- 
age crops, but in order to retain a fairly 
large amount of residue on the crops after 
each sampling interval, the heavier rate 
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was used. The treated strip consisted of 
an area 10 feet wide by 80 feet long. 
Immediately after dusting, previously 
constructed cages were set over the dusted 
clover. All of the cages, which are de- 
scribed below, were 4 feet square by 2 
feet high and were constructed as follows: 

(1). For study of exposure to the sun- 
light only, a cage was completely en- 
closed with sheets of cellulose acetate, 
with all seams sealed to prevent rain and 
wind from entering 

(2) In order to expose the treated 
plants to the sunlight and the rain a cage 
was constructed that had the sides covered 
with cellulose acetate, while the top was 
left open. This eliminated most of the 
wind but allowed the sunlight and rain 
to enter. 

(3). For exposure to the sunlight and 
the wind, the cage had no sides, but the 
top was covered with cellulose acetate 
and was extended with cellulose acetate 
eaves which were about 10 inches wide 
and projected downward at an angle of 
65 degrees. Such an arrangement allowed 
the wind to blow into the cage but pre- 
vented the rain from entering. 

(4). For exposure to the rain, a cage 
with an opaque removable top was con- 
structed. The sides of the cage and the 
removable top were covered with water- 
proof roofing paper. Late each evening 
and on cloudy days the top was removed 
allowing any rain that might fall to enter 
the cage. Sufficient light entered under 
these conditions to keep the clover in a 
reasonably healthy condition. 

(5). In order to study the effects of the 
wind and the rain, the cage was con- 
structed with an opaque removable top 
the same as the previous cage. Eaves, 
approximately 12 inches wide, projected 
down at a 65 degree angle. Such an ar- 
rangement permitted the wind to enter 
the cage but excluded the sun. The top 
was removed and replaced at the same 
time as the previous cage. 

(6). For exposure to the wind, the cage 
consisted of a fixed top of roofing paper 
with eaves similar to the ones described 
above. Such a construction prevented any 
sun or rain from entering the cage but 
allowed the wind to blow freely through. 

(7). An area in the treated strip that 
was marked off with stakes into a four 
foot square was the plot that was exposed 
to all of the weathering factors. All 
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Table 1.—The average amount of each weather 
component to which the treated clover was ex- 
posed. Minetto (Oswego Co.), N. Y. 


Table 2.—DDT residues on clover exposed to 
different weathering factors. Minetto (Oswego 
Co.), N. Y. 








SAMPLING INTERVAL IN Days 





CoNDITIONS OF 





EXPosuRE 7 14 24 
Rain (inches) 0.24 0.72 1.64 
Sunshine 62.17 121.03 160.09 

(total hours) 
Wind (avg. mph.) 6.2 8.2 6.5 





samples of completely weathered clover 
were taken from this area. 

Samples of the treated clover were 
taken at the time of application and 7, 
14 and 24 days later. The samples con- 
sisted of two square feet of the standing 
hay. The samples were weighed and placed 
in 2-gallon jars with 250 or 500 mls. of 
benzene, depending on the sample size. 
The jars were then rotated end over end 
for 15 minutes. The benzene strippings 
were placed in bottles that were stop- 
pered with corks wrapped with tin foil. 

The samples were analyzed by the 
colorimetric method of Schechter et al. 
(1945), as modified by Downing & Nor- 
ton (1951) and after the chromatographic 
treatment of Norton & Schmalzreidt 
(1951). 

Resutts.—The amounts of each weath- 
er component available during the test 
periods to affect the residues are re- 
corded in table 1, giving the average 
accumulated totals at the end of each 
sampling interval. None of the factors 
deviated greatly from the normal weather 
conditions in northern New York. 

The results of the chemical analysis 
are summarized and presented in table 2. 
These data are the average residues ob- 
tained from the results of the two years 
study. Each figure is the average of two 
chemical analyses made from samples 
taken from each yearly test. The residues 
in parts per million were calculated from 
the green weights of the samples. 

The percentage losses of the initial de- 
posits are recorded in table 3 and plotted 
in figure 1 to indicate more clearly the 
magnitude of each single factor and com- 
bination of factors. 

Discussion.—In these tests rain ap- 
peared to be the most important indi- 
vidual factor in eliminating DDT dust 
deposits on forage crops during the first 
week after application. Where 0.24 inches 


RESIDUE IN PPM.: 
INTERVAL IN Days! 








ConpDlITIONS 

EXPOSURE 7 14 24 
Rain only 38 50 58 
Sun only 181 134 89 
Wind only 115 81 57 
Sun plus rain 78 39 13 
Sun plus wind 192 77 24 
Rain plus wind 50 55 56 
Rain plus wind plus sun 27 8 2 





1 Initial deposit was 305 ppm, 


of rain fell during the first week 83 per 
cent loss of the initial deposit was attrib- 
uted to this weather component. This 
loss is approximately 25 per cent greater 
than the loss attributed to the wind during 
the same period of time and is about two 
and one half times greater than the loss 
effected by the sunlight. However, after 
this large initial loss of insecticide the 
rains occurring during the rest of the test 
periods gave no measurable effect. This 
agrees with other observations of the 
authors and others, that the time the rain 
falls on DDT deposits is more important 
in reducing the residues than the amount 
that falls; 2.e., a light shower may cause 
a greater loss of insecticide during the 
first week than a heavy rain falling some 
time after the deposit has weathered for 
7 to 10 days. It also indicates that the 
rain tends to remove the less strongly 
adherent material and has much less ef- 
fect on the persistent material remaining. 

A total of 62.17 hours of sunlight was 
available to the treated plants during the 
first week of the test and a loss of approxi- 
mately 36 per cent was attributed to this 

Table 3.—The per cent loss of the initial DDT 


deposit when exposed to various weather com- 
ponents. Minette (Oswego Co.), N. Y. 








Per Cent oF INITIAL DEPositT 
Lost AT THE ENp or Eacu 
SAMPLING INTERVAL 





CoNDITIONS OF 





ExposuRE 7 14 24 
Rain only 87 82 80 
Sun only 39 54 70 
Wind only 61 72 80 
Sun plus rain 73 86 95 
Sun plus wind 35 73 91 
Rain plus wind 83 81 81 
Rain plus sun plus wind 90 7 98 
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WEATHERING INTERVAL IN DAYS 


Fig. 1—The loss of DDT dust deposits attributed to each weather component. 
Oswego county, N. Y. 


amount of sunlight. This initial loss may 
seem low when compared with the loss 
of residue from the other factors but the 
greatest importance of the sunlight lies in 
the continued degrading influence on the 
deposits during the succeeding weeks, 
which is apparent from figure 1. At the 
end of 24 days the total loss due to the 
sun alone approached that from the other 
factors. Sunlight does not appear to be a 
speedy factor in eliminating the residue 
of DDT but it is a very important 
weathering component in eliminating the 
residues on forage crops over long periods. 
It is probable that the ability of the ultra- 
violet light to affect the persistent residue 
as well as the loosely adhering material 
accounts for its continuous degrading 
action. 

The loss effected by the wind was 
greater than the initial loss caused by the 
sun but not as great as the loss attributed 
to the rain. In this test an average wind 
of 6.2 mph caused a loss of approxi- 
mately 60 per cent of the original deposit. 
At the end of an exposure of one week to 
the wind, the rate of loss began to level 
off (Fig. 1) but not as rapidly as the loss 
due to the rain. At the end of 24 days the 
wind has caused a loss of the initial de- 
posit about equal io the loss due to the 
rainfall at the same time. These data 
suggest that the wind, like the rain, af- 
fects the less strongly adherent material 
of the deposit by mechanically removing 


it. However, the more continuous loss 
due to the wind is probably caused by the 
rubbing of the plant surfaces against 
each other in a manner suitable to elimi- 
nating some of the more persistent residue 
on the plant surfaces. In this manner the 
loss due to the wind may eventually equal 
the loss attributed to the rain. 

Since the individual weather compo- 
nents show a high loss of DDT deposits, 
it might be assumed that the interaction 
of any two factors would cause a larger 
loss of the deposit. In some cases this was 
found to be true while in others very little 
additive effect was found by the combined 
action of two factors. 

Previous discussions indicated that 
either the rain or the wind caused a rapid 
loss of the deposit soon after application 
but was much less effective during the 
succeeding weeks. The interaction of the 
rain and wind was slight, presumably 
because either tends to remove mechani- 
cally the same less strongly adherent 
material. In examining figure 1 or table 
3, it becomes evident that there is little 

difference in the loss caused by the rain 
alone and by the rain and wind in combi- 
nation. 

The rain and the sun appeared to be the 
most effective combination in reducing 
insecticide residues on forage crops (Fig. 
1). Their effects on the deposits were 
approximately additive. It is assumed that 
the sunlight, as previously discussed, can 
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act on the residue remaining on the plants 
after the rainfall has had its effect. 

The interaction of the sun and wind is 
similar to that of the rain and sun. This 
would be expected from the similar action 
of the rain and wind alone. Figure 1 shows 
about 75 per cent of the original deposit 
is lost in 2 weeks due to the combined 
action of the sun and wind while about 90 
per cent is lost in 24 days. Since neither 
of these factors, when investigated alone 
gave high losses, it is interesting that the 
combination becomes so effective in elimi- 
nating DDT residues. The large per- 
centage of residue loss due to the interac- 
tion of sunlight and wind may be very 
important in eliminating residues of DDT 
in arid regions or areas of prolonged 
drought. 

The effect of all three weathering com- 
ponents together is somewhat greater 
than that of any two, but not outstanding- 
ly greater than that of the sun with either 
rain or wind, as might be inferred from 
the previous discussion. 

The foregoing discussion applies to dust 
deposits only and it should not be as- 
sumed that deposits of other formula- 
tions would react in the same manner 


under similar conditions. 

SumMary.—An investigation of the 
effects of the weather components on 
DDT dust residues are reported. By 
using specially constructed cages, which 
were placed over heavily dusted clover, 
the weathering action of the sun, wind 
and rain, separately and in combination 
were studied. The loss of the initial de- 
posit attributed to each of these weather- 
ing actions was compared. It was found 
that either wind or rain caused a rapid 
loss of the deposit soon after application 
but are much less effective during the 
succeeding weeks. The combined effects 
of the wind and rain are less effective 
than might be inferred from their sepa- 
rate effects, presumably because either 
tends to remove mechanically the same 
less strongly adherent material. Sunlight 
causes a slower initial loss of the de- 
posit than either rain or wind, but its 
degrading effect continues indefinitely. 
Sunlight in combination with either rain 
or wind is more effective than is suggested 
by its separate effect, because it is capable 
of reducing the more adherent residue 
not affected by the other factors. 
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Control of a Dipterous Leaf Miner on 
Tomatoes in California 
J. Witcox and A. F. Hownanp, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


A dipterous leaf miner, Liriomyza sp., 
was first observed by the authors on 
tomatoes in southern California in 1939. 
Although the insect was evident in that 
and succeeding years, the damage it 
caused was considered to be of minor 
importance. In 1945 cucumbers, musk- 
melons, winter and summer squash, the 
wild buffalso gourd (Cucurbita foetidissima 
H.B.K.), various weeds of the amaranth 
family, and tomatoes were attacked in 
coastal areas.' The infestation on cucur- 
bits was considered serious, with lighter 
infestations on peppers and tomatoes, 
except in one field of tomatoes that was 
heavily infested. In 1946 and 1947 
tomatoes in the coastal areas were in- 
fested, and in 1947 some growers esti- 
mated that their crops were reduced 25 
to 50 per cent. Heavily infested fields were 
observed in San Diego, Orange, and Los 
Angeles Counties, and infestations were 
reported from Santa Barbara County. 
In 1948 experiments were begun in south- 
ern California by the authors to develop 
methods of insecticidal control, and the 
observations and experiments made in 
this area from 1948 to 1951 are reported 
in this paper. 

During 1948 the infestation was severe 
inland as well as in coastal areas. In 1949 
and 1950 the infestation in both areas 
was late in relation to crop development, 
so there was little damage. In 1951 
damage occurred in both areas: 

Damage to the plants from leaf miner 
attack results from a devitalizing effect 
due to the loss of leaf surface and leaves. 
The lower or middle leaves are usually 
attacked first, and when severely mined 
they turn yellow and drop from the plants. 
This damage is more noticeable on to- 
matoes grown on poles than on field- 
grown tomatoes. The lower 2 or 3 feet of 
the vines on poles have been observed to 
be completely devoid of foliage. This loss 
of foliage also exposes the fruit to the sun, 
and a larger percentage of the fruit is 
lost from sunburn than on normal plants. 

In tests on peas for the control’ of 
Liriomyza flaveola (Fallen), Smith & 
Lange (1946, pp. 52-54) found lead 
arsenate and DDT dusts to be fairly 


effective; Lange and Smith (1947) re- 
ported that 5 per cent chlordane dust was 
more effective than TDE, DDT, benzene 
hexachloride, or methoxychlor for the 
control of L. orbona (Meig.). Wolfenbarger 
(1947) stated that chlordane sprays were 
more effective than sprays of BHC, 
nicotine sulphate, hexaethyl tetraphos- 
phate or DDT on potatoes for the 
control of LZ. pusilla (Meig.). According 
to Jefferson & Pence (1948) chlordane 
sprays and BHC dusts were effective 
against L. flaveola on asters. They also 
obtained promising results with toxaphene 
and parathion sprays. Hayslip (1948) 
found parathion sprays to be most effec- 
tive on celery, and on tomatoes parathion 
sprays gave the best results, closely fol- 
lowed by toxaphene sprays. Jefferson & 
Eads (1949) suggested the use of toxa- 
phene sprays or chlordane or BHC sprays 
and dusts for the control of L. flaveola on 
asters. In 1950, R. N. Jefferson, of the 
University of California at Los Angeles, 
reported to the writers that the aster 
growers in Los Angeles County were ob- 
taining excellent control of L. flaveola with 
1 per cent parathion dust applied weekly 
at the rate of about 15 pounds per acre. 
Some tomato growers believe that the 
use of DDT for the control of other 
tomato insects is the reason for the 
increase in the number of leaf miners on 
that crop in recent years. Michelbacher 
et al. (1949) report that the widespread 
use of DDT and TDE in northern 
California may have caused the increase 
in this and other normally unimportant 
pests on tomatoes. This does not appear 
to be true in southern California, where 
infestations of the leaf miner became 
serious in several areas before DDT 
came into general use. However, O. A. 
Hills, of the Bureau of Entomology and 
Plant Quarantine, reported in 1950 (per- 
sonal communication) that, in experi- 
ments conducted on melons in Arizona, 
DDT-treated plots were more heavily 
infested than untreated plots and that 
all insecticides used in his experiments 
reduced the number of parasites. 


1 Observations in 1945 made by John C. Elmore, Bureau of 
Entomology and Plant Quarantine. 
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EXPERIMENT IN 1948.—Small Plot Tests. 
—TIn these tests small plots, 5 and 6 rows 
wide (rows 5 to 8 feet apart) and 50 to 60 
feet long, were used in five fields. Each 
field contained four replicates arranged in 
randomized blocks. Dusts were applied 
with rotary hand dusters, and concen- 
trated sprays with a proprietary pressure 
sprayer. Three applications were made at 
weekly intervals on the small plants, 
before fruit setting, and three applica- 
tions at 2-week intervals after fruit 
setting, the latter three being the normal 
schedule for tomato fruitworm control. 

Some leaf miner control was apparent 
from the use of dusts containing 20 per 
cent of toxaphene, sufficient BHC to 
contain 2 per cent of the gamma isomer, 
2 per cent of lindane, or 10 per cent of 
chlordane. Little or no control was 
obtained with 10 per cent dusts of 
methoxychlor, TDE, or DDT. Of the 
concentrated sprays, applied at the rate 
of about 2 gallons per acre, lindane was 
the most effective, followed by toxaphene, 
chlordane, and DDT in the order named. 

The four most promising materials 
used in the early tests (toxaphene, BHC, 
lindane, and chlordane) were used in a 
late field of tomatoes, both as dusts and 
as concentrated sprays. Nine applications 
were made at weekly intervals, the first 
three prior to fruit setting when the plants 
were small and the last six after fruit 
setting over the normal period for making 
applications for tomato fruitworm con- 
trol. Four counts were made in the field 
on September 9, 15, and 29, and October 
15, with 40 to 260 leaflets being counted 
per plot.! The treatments were replicated 
four times in a randomized block arrange- 
ment. The results are shown in table 1. 

Fair control of the leaf miner was 
obtained with most materials, but when 
the number of applications are taken 
into consideration, the results were not 
very encouraging. Excellent control 
(about 90 per cent) of associated infesta- 
tions of the tomato fruitworm was 
obtained with the toxaphene sprays and 
and dusts, and fair to good control (71 
to 85 per cent) with the other materials. 
Some burning on the margins of the 
leaves resulted from the use of the BHC 
spray. 

Large-Scale Tests —A steam-generator 
sprayer equipped with a boom so that 
three rows of tomatoes could be treated 


Table 1.—Effect of several insecticides, ap- 
plied as dusts or concentrated sprays, in reducing 
the mines of a dipterous leaf miner on tomatoes, 
1948. 








Dust 
OR SPRAY 
APPLIED Repwuc- 
INSECTICIDE PER ACRE MINES TION IN 
(Per CENT BY FOR THE PER Lear 
WEIGHT Season LearLtet MINES 





Pounds Number Per Cent 
Dusts (including 25 per 
cent of sulfur in 


pyrophyllite) : 
Toxaphene 20 164 0.53 65 
Chlordane 10 166 .62 59 
BHC 2 167 .63 58 
Lindane 2 164 1.01 33 
Sprays: Gallons 
Lindane 2.5 18 0.40 74 
Toxaphene 5 19 43 71 
Chlordane 2.5 19 -76 50 
GHC, gamma 
isomer 2.5 18 .79 48 
Check aa 1.51 —_ 
Difference for significance 
at odds of 19 to 1 0.65 





at one time with two nozzles per row was 
used on a late field of tomatoes.? Two 
applications were made on September 28 
and October 7 to plots averaging 1.5 
acres in size, arranged at random with 
four replicates. An untreated check plot 
was not replicated. From 12 to 14 gallons 
of spray were applied per acre per 
application. The sprays were prepared 
from wettable powders containing 25 per 
cent of lindane, 40 per cent of chlordane, 
and 25 or 40 per cent of toxaphene. The 
results of the test are given in table 2. 
On the basis of counts of leaf miner 
adult sweepings made 1 day previous to 
the first application and continued at 
regular intervals until 2 weeks after the 
second application, from good to excel- 
lent control was obtained with all treat- 
ments. Leaf-mine counts made 2 weeks 
after the second application showed the 
best results with lindane (Table 2). 
<XPERIMENTS IN 1949.—In 1949 ex- 
periments were conducted in three fields 
of about 20 acres each. There were five 
to seven replicate plots in each field, and 
each plot ranged from 0.5 to 0.67 acre in 


1 Lauren D. Anderson, University of California Citrus Ex- 
periment Station, and R. N. Jefferson, University of California 
at Los Angeles, assisted in making these counts. 

2 This experiment was made in cooperation with L. D. Ander- 
son, University of California Citrus Experiment Station, River- 
side, with the Bes-Kil Corp., Richmond, Calif., and with the 
San Diego Fruit and Produce Co. 
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Table 2.—Control of a dipterous leaf miner on 
tomatoes from the use of several insecticides ap- 
plied with a steam-generator sprayer, at the rate 
of 24 to 28 gallons of soray for the season, 1948. 
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Table 3.—Comparison of several insecticide 
dusts applied at the rate of 90 pounds per acre for 
the season, on the control of a dipterous leaf 
miner on tomatoes, 1949. 








Toxi- Repvuc- Mines’ Repvuc- 
CANT PER TION IN PER TION IN 
INSECTICIDE Acre Apvuits Leartet MINeEs 


Pounds Per Cent Number Per Cent 

Lindane : 2.5 82 
Toxaphene od ‘ 68 
Chlordane F Ra ‘ 70 

Difference required 

for significance at 

odds of 19:1 
Check (untreated) — 








1 Not significant by the F test. 


size. Three applications of insecticide 
dusts were made at 2-week intervals, at 
the rate of about 30 pounds per acre per 
application, beginning at fruit-setting 
time. No undusted plots were included in 
these experiments, the 10 per cent DDT 
plots serving as the checks. 

DDT, 5 or 2 per cent, was added to 
several of the insecticides to make them 
more effective for the control of associated 
infestations of the tomato fruitworm. 
Toxaphene, 10 per cent, and parathion, 2 
per cent, were dropped from the experi- 
ment in the third field because they were 
relatively ineffective against the tomato 
fruitworm. In southern California the 
tomato fruitworm is the most serious pest 
of tomatoes, and a control program for 
other pests must be effective against this 
species. 

Infestation of the leaf miners was light 
in 1949 in all fields and no damage was 
apparent. In the first field the infestation 
was too light to warrant infestation 
counts. The data in table 3 show the 
results from field 2 (5 replicates) and from 
fields 2 and 3 combined (12 replicates). 
Chlordane and toxaphene were signifi- 
cantly better than DDT, but the dif- 
ferences were so small that the general 
results were not encouraging. 

EXPERIMENTS IN 1950.—In 1950 three 
experiments were conducted, one with 
sprays and two with dusts. All the tests 
were made in three fields, on small plots 
the size of those used in 1948. The dusts 
were applied with hand dusters and 
the sprays with a power sprayer. Un- 
less otherwise stated, each treatment 
was applied three times, at 2-week inter- 
vals, on each plot. 

Sprays.—All the sprays were made with 
wettable powders except schradan, The 
strengths and dosages used, together with 


MINES PER LEAFLET 





INSECTICIDES Fields 2 
(Per Cent sy WEIGHT Field and 3 





Chlordane 5 plus DDT 5 
Toxaphene 20 
Toxaphene 10 plus DDT 2 
Aldrin 1 plus DDT 5 
DDT 10 
Difference required for sig- 
nificance at odds of 19 to 1 
Toxaphene 10 
Parathion 2 





1 Difference not significant by the F test. 


the results obtained, are given in table 4. 
The sprays were applied at the rate of 30 
to 40 gallons per acre per application. 
Adding sugar to the insecticide did not 
increase the value of the spray, as the 
results were almost identical. 

Of the materials used in both fields, 
dieldrin and EPN gave good to fair 
control, whereas chlordane, DDT plus 
schradan, and toxaphene gave only fair 
to poor control. 

In field 1 toxaphene gave good control, 
but in field 2 it gave no control, either 
with or without sugar. No explanation 
can be offered for this failure of toxaphene 
in 1950, as it had been one of the most 
promising materials for leaf miner control 
in previous tests. Good to excellent con- 
trol of tomato fruitworm was obtained 
with these toxaphene sprays, so the poor 
results on leaf miner cannot be attributed 
to faulty application. 

Dusts—In the first experiment the 
dusts were applied at the rate of about 30 
pounds per acre per application. Each 
treatment was replicated four times. 

Table 5 shows that at the strengths used 
good control was obtained with aldrin, 
fair control with dieldrin, some control 
with EPN or toxaphene, and _ little 
or no control with compound 1189 (an 
oxygenated. dimer of hexachlorocyclo- 
pentadiene compound), DFDT CS-708, 
or toxaphene plus DDT. Toxaphene 
alone gave no control in field 1 and fair 
control in field 2. 

Excellent control of the tomato fruit- 
worm was obtained with the toxaphene- 
DDT combination and with the toxa- 
phene alone; good control with a nitro- 






































on tomatoes, 1950. 


Table 4.—Effect of several insecticides, applied as sprays, on the control of a dipterous leaf miner 
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QuANTITY APPLIED PER 











ACRE FOR THE SEASON REDUCTION 
MINEs PER LEAFLET tN LEAF 
INSECTICIDE (QUANTITY IN Pounds Gallons MINES 
40 GALLoNs or WATER) Toxicant Spray Field 1 Field 2 Average Per CENT 
Dieldrin (25%) 6 lb. 
With sugar 10 lb. 3.6 95 0.05 0.12 0.08 87 
Without sugar 4.3 115 — 0 — _ 
Chlordane (40%) 7.5 lb. 
With sugar 10 lb. 7.9 105 .28 31 .29 54 
Without sugar 9.0 119 — 27 — — 
Toxaphene (40%) 7.5 lb. 
With sugar 10 lb. 7.5 100 an Ry 42 34 
Without sugar 9.3 124 — 74 — _ 
EPN (27%) 2 lb. 1.6 120 .08 14 ll 83 
DDT (50%) 6 lb. plusSchradan' 0.4 103 .23 44 34 47 


Difference required for signifi- 
cance at odds of 19 to 1 


Check 
Difference required for signifi- 
cance at odds of 19:1 — — 










24 31 22 









1 One gallon of a product containing 4 Ibs. Schradan. 
2 Not significant by F test. 


paraffin derivative, compound 1189, diel- 
drin, and aldrin; and only fair control 
with DFDT and EPN. 

The second dust experiment was started 
after the grower had made one application 
of a dust containing 15 per cent of toxa- 
phene and 5 per cent of DDT, and after 
it was known that aster growers in Los 
Angeles County were obtaining excellent 
control of leaf miners with parathion 
dusts applied at weekly intervals. Two 
applications of dust were made at 2-week 
intervals at 30 pounds per acre each, or 


leaf miner on tomatoes, 1950. 













four applications at weekly intervals at 15 
pounds per acre each. Each treatment was 
replicated six times. 

Table 6 shows that (1) poor results 
were obtained with 5 per cent of malathon 
applied at 2-week intervals, (2) excellent 
control with either 1 or 2 per cent of 
parathion plus 5 per cent of DDT 
applied at weekly intervals at 15 pounds 
per acre, and (3) only fair to poor results 
with applications at 30 pounds per acre 
at 2-week intervals. 

EXPERIMENTS IN 1951.—In 1951 three 





Table 5.—Effect of several insecticides, applied as dusts, in reducing the mines of a dipterous 











Pounpbs or 


















Dust APPLIED Per CENT 
PER ACRE MINES PER LEAFLET REDUCTION 
INSECTICIDE (PER CENT BY FOR THE IN LEAF 
WEIGHT) SEASON Field 1 Field 2 Average MINES 
Aldrin 5 96 0.13 0.15 0.14 78 
Dieldrin 2.5 93 .23 13 18 70 
EPN 2 94 .40 .34 .37 40 
Toxaphene 20 91 74 .34 45 Q7 
Compound 1189 10 93 41 .65 .53 15 
DFDT 10 95 .59 .62 .61 3 
CS-708 5 92 .74 1.01 .88 _ 
Toxaphene 10 plus DDT 5 96 .79 61 .70 — 
Check — 46 .79 .62 — 
Difference required for signifi- 
cance at odds of 19:1 oa .38 45 .29 
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Table 6.—Control of a dipterous leaf miner on 
tomatoes with insecticides used as dusts, 1950. 








Pounps Per 
Appui- Dost CENT 
CATION APPLIED Repvuc- 
INSECTICIDE In- perRAckE MINES TION IN 
(Per CENT BY TERVAL FOR THE PER Lear 
Wetcnut) Weexs Season! Learuter MINes 
Parathion1 plusDDT5 1 60 0.23 92 
2 61 1.50 46 
Parathion2 plusDDT5 1 64 15 95 
2 60 77 72 
Malathon 5 2 58 2.28 i8 
Check —_ - 2.77 - 
Difference required 
for significance at 
odds of 19:1 = — 58 - 





1 Total for four applications at weekly intervals, or, two ap- 
plications at 2-week intervals. 


experiments were conducted, two with 
dusts and one with sprays. All the tests 
were made in two fields on small plots 
similar in size to those used in 1948 and 
1949. The dusts were applied with rotary 
hand dusters and the sprays with a high- 
pressure concentrate sprayer. 

Dusts.—In the first test the most 
effective materials from the 1949 season 
were applied at weekly intervals at about 
15 pounds per acre for a total of five 
applications, or at 2-week intervals at 
about 30 pounds per acre for a total of 
three applications; 10 per cent DDT 
applied at 30 pounds per acre at 2-week 
intervals for a total of three applications 
was used as a check. The results are 
shown in table 7. 

All materials were superior to DDT. 


Table 7.—Effectiveness of several insecticide 
dusts applied at 1- and 2-week intervals in com- 
parison with 10 per cent DDT applied at 2-week 
intervals in the control of a dipterous leaf miner 
on tomatoes, 1951. 














Powunps 
ApPLi- Dust 
CATION APPLIED Repuc- 
INSECTICIDE In- perAcreE MINES’ TION IN 
(Per CENT By TERVAL FOR THE PER Lear 
WEIGHT) Weeks Season Learcter MInes 
Parathion2 plusDDT5 2 87 0.17 85 
1 74 .08 92 
EPN 2 plus DDT 5 2 87 -22 81 
1 74 .16 86 
Aldrin 5 2 91 14 87 
l 72 ~24 78 
Dieldrin 2.5 2 91 .24 78 
1 70 .36 67 
Difference required 
for significance at 
odds of 19:1 _ — 14 _ 
DDT 10 2 89 1.10 0 


Difference required 
for significance at 
odds of 19:1 _ —_ 21 — 
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Table 8.—Effectiveness of several insecticide 
dusts applied at 2-week intervals in the control of 
a dipterous leaf miner on tomatoes, 1951. 











Pounpbs Per 
Dust CENT 
APPLIED Repuc- 
INSECTICIDE PER ACRE MINES TION IN 
(Per CENT FOR THE PER Lear 
BY WeiGHT) Season Leartet MINEs 
Heptachlor 87 0.14 85 
Compound711 1 85 AT 51 
Compound 269 1 87 .52 46 
Toxaphene 20 85 .60 38 
Metacide 2 88 .63 35 
Compound 1189 10 87 .79 18 
Malathon 5 88 82 15 
DDT 10 92 .97 0 
Q-137 5 87 1.17 0 
Difference required 
for significance at 
odds of 19:1 a 41 — 





Parathion 2 per cent plus DDT, 5 per 
cent, EPN 2 per cent, plus DDT 5 per 
cent, and aldrin, 5 per cent, were superior 
to dieldrin, 2.5 per cent. When applied at 
2-week intervals, aldrin and dieldrin gave 
control superior to that obtained with the 
same materials applied at weekly inter- 
vals. Parathion-DDT and EPN-DDT 
gave better control when applied at 
weekly intervals than when applied at 2- 
week intervals, but the difference was 
not significant. 

The second dust experiment was a 
comparison of several insecticides applied 
at 30 pounds per acre-application, at 2- 
week intervals for a total of three applica- 
tions. The results are shown in table 8. 
Heptachlor 5 per cent gave the best 
results in this test, and was superior to all 


Table 9.—Effectiveness of several insecticide 
emulsions applied at 10-day intervals in control 
of a dipterous leaf miner on tomatoes, 1951. 











Per 
Pounps CENT 
INSECTICIDES Toxi- Mines’ ReEpwc- 
(PouNpDs PER Ditv- CANT PER TION IN 
GALLON) TION PERAcRE LeaFLET MINES 
DDT 2 plus parathion 8 
4 1-4 1.6 0.10 95 
Metacide 3 1-19 3 18 92 
Compound 269 0.5 1-9 1 .39 83 
Compound 711 0.5 1-9 1 44 81 
Aldrin 2 1-9 4 . 64 72 
Heptachlor 2 1-9 4 64 72 
Dieldrin 2 1-19 2 .74 68 
Toxaphene 8 1-9 16 1.30 43 
Compound 1189 2 1-4 8 1.87 19 
Malathon 4 1-19 4 1.95 15 
Q-137 1-9 4 2.28 l 
DDT 2 1-4 8 2.30 0 
Difference required 
for significance at 
odds of 19:1 - — 57 _ 
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materials used except compounds 711 
and 269, each used at 1 per cent. 

Sprays.—Four applications of sprays 
were made at about 10-day intervals at 
5 gallons per acre per application. The 
results are shown in table 9. 

DDT-parathion and Metacide gave 
excellent control; compounds 711 and 
269 gave good control; heptachlor, aldrin, 
and dieldrin gave fair control; and 
toxaphene, malathon, compound 1189, 
Q-137, and DDT gave poor control. When 
the materials giving poor control are 
eliminated from the analysis, DDT- 
parathion is superior to 711, heptachlor, 
dieldrin, and aldrin; and metacide to 
heptachlor, dieldrin, and aldrin. 

SumMARY.—Results of tests and obser- 
vations on a dipterous leaf miner, 
Liriomyza sp., on tomatoes in southern 
California are reported herewith. In 1948, 
experiments indicated that toxaphene, 
BHC, lindane, and chlordane were more 
effective than DDT for the control of this 
insect. In 1949 large-scale tests showed 
that dusts containing toxaphene alone or 
chlordane, toxaphene, or aldrin plus 
DDT were superior to those containing 
DDT alone. Dusts containing 10 per cent 
of toxaphene and 2 per cent of parathion 
were not considered promising for use on 
tomatoes because they gave poor control 
of the tomato fruitworm. 

In 1950 concentrated sprays of dieldrin 
and EPN gave good control, chlordane 
gave fair control, and DDT plus schradan 
and toxaphene gave poor control. The 
addition of sugar to toxaphene, chlordane, 
and dieldrin sprays did not increase their 
effectiveness. Dust experiments showed 
good control with 5 per cent of aldrin, 


fair control with 2.5 per cent of dieldrin, 
poor control with 2 per cent of EPN 
and 20 per cent of toxaphene; and little or 
no control with 10 per cent of compound 
1189, 10 per cent of DFDT, 5 per cent 
of CS-708, and 10 per cent of toxaphene 
plus 5 per cent of DDT. In another ex- 
periment poor results were obtained with 
malathon at 5 per cent, but outstanding 
control (better than 90 per cent) was 
obtained with 1 and 2 per cent parathion 
dusts when applications were made at 
weekly intervals at the rate of 15 pounds 
per acre. Only fair to poor results were 
obtained with the same materials at 30 
pounds per acre at 2-week intervals. 

In the 1951 dust tests, 5 per cent of 
DDT plus 2 per cent of parathion, 5 per 
cent of DDT plus 2 per cent of EPN, 5 
per cent of aldrin, and 2.5 per cent of 
dieldrin gave excellent to fair control. 
DDT-parathion and DDT-EPN gave 
better results when applied at weekly 
intervals, and aldrin and dieldrin gave 
better results when applied at 2-week 
intervals. In a second experiment 5 per 
cent of heptachlor gave the best results, 
followed by 1 per cent of compounds 711 
and 269, 20 per cent of toxaphene, 2 per 
cent of Metacide, 10 per cent of com- 
pound 1189, 5 per cent of malathon, 10 
per cent of DDT, and 5 per cent of Q-137. 
Spray concentrates applied at 5 gallons 
per acre per application in four applica- 
tions at 10-day intervals gave excellent 
control with DDT-parathion and meta- 
cide, and good control with compounds 
711 and 269, fair control with heptachlor, 
aldrin, and dieldrin, and poor control 
with toxaphene, compound 1189, mala- 
thon, Q-137, and DDT. 
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Systemic Poisons on Vegetable Crops 
Aurrep C. Downy and J. P. Sueesman, Ohio Agricultural Experiment Station, Wooster 


Gerhard Schrader (1947) working in 
Leverkusen, Germany reported octa- 
methylpyrophosphoramide to be an ef- 
fective systemic insecticide—a chemical 
substance which upon absorption by a 
plant is translocated in the sap stream to 
other plant parts rendering them toxic 
to certain mites and insects. Since that 
time considerable experimentation in- 
volving the so-called systemic poisons has 
been under way in Germany, England 
and the United States (Bronson & Dudley 
1951; Ivy et al. 1950; Wallace 1951). 

In addition to originating octamethyl- 
pyrophosphoramide known as schradan 
Schrader has more recently developed a 
systemic trialkyl thiophosphate com- 
monly known as Systox. It is reported in 
unpublished data from the distributor 
that Systox kills by contact and fumiga- 
tion action as well as by systemic action. 

In England, Ripper et al. (1949, 1951) 
reported both field and laboratory in- 
vestigations with systemics. They have 
pointed out that one of the great advan- 
tages of a systemic poison is its ability to 
control harmful insects and mites while 
their predators and parasites are left un- 
harmed. Systox, when applied as a spray, 
loses this advantage during the initial 
kill period because of its contact and fumi- 
gation action. Schradan, however, kills 
only by systemic action. 

Mareriats AND Mernops.—During 
the summer of 1951 the authors studied 
the effectiveness of schradan (an emulsion 
concentrate containing 45 per cent active 
ingredient) and Systox (an emulsion con- 
centrate containing 32.1 per cent active 
ingredient) in the control of certain spe- 
cies of mites, aphids and leafhoppers on 
vegetable crops. DDT, parathion and 
malathon were included in some of the 
tests for comparative purposes. 

The experiments were conducted on 
plants growing in the field under condi- 
tions of natural infestation. All treat- 
ments were replicated three to five times 
in randomized blocks. The materials were 
sprayed on the foliage by means of either 
a knapsack sprayer or a power-operated 
wheelbarrow sprayer equipped with a 
hand boom. Thorough coverage was ob- 
tained by spraying the plants until run- 
off occurred. 


Experiments conducted by the junior 
author during the past four years have 
shown that the application of chlorinated 
hydrocarbons, especially methoxychlor, 
tends to encourage a build-up in aphid 
and two-spotted mite populations. These 
pests are reported to be very susceptible 
to systemic toxins. In order to provide a 
constant source of aphids and mites for 
reinfesting systemically-treated plants, 
certain plots in several of the experimental 
plantings were sprayed with methoxy- 
chlor during the periods in which systemic 
materials were being tested. This pro- 
duced high and uniform aphid and mite 
populations on plants adjacent to the 
systemically-treated plots and permitted 
more accurate comparisons between 
treated plots since aphids and mites 
were always present to reinfest plants 
that were losing their toxicity. 

Insect and mite populations were de- 
termined by counting the number on 10 
leaves selected at random from each plot. 
Leafhopper nymphs and aphids were 
counted in the field. Sample leaves in- 
fested with mites, however, were taken 
to the laboratory and counts were made 
under the microscope. 

EXPERIMENT ON TuRNIPS.—The ob- 
jective of this experiment was to compare 
the efficiency of Systox with schradan in 
the control of the turnip aphid, Rhopalo- 
siphum pseudobrassicae (Davis), by vary- 
ing the concentration of the spray ma- 
terials and the number of spray applica- 
tions as shown in table 1. The rates at 
which the materials were used represent 
a dilute and a concentrated solution for 
both schradan and Systox. It should be 
pointed out, however, that the amount of 
active ingredient in the concentrated 
solution of schradan as used was over five 
times that contained in the concentrated 
solution of Systox. 

Results of the various treatments given 
in table 1 show that: (1) one application 
of schradan 4-100 was almost equal to 
two applications of schradan 0.5—100; 
(2) one application of Systox 1-100 was 
only slightly better than one application 
of Systox 0.5—100; (3) two applications of 
Systox 0.5-100 were superior to one of 
Systox 1-100; (4) one spraying of Systox 
0.5-100 gave better results than one 


640 








SRY LT NOES 











Se EE NNN PE I; 





hve 


: emo 





August 1952 Downy & SLEESMAN: Systemic Poisons ON VEGETABLE Crops 641 


spraying of schradan of similar concen- 
tration although two sprayings of schra- 
dan 0.5-100 proved superior to two 
sprayings of Systox of similar concentra- 
tion. 

The data indicate that a small amount 
of Systox, when applied to young turnips, 
gives good aphid control for approxi- 
mately two weeks. Schradan requires 
higher concentrations than Systox to ef- 
fect good aphid control although it ap- 
pears to have better residual action than 
Systox when similar concentrations are 
compared. 


Table 1.—Results obtained when systemic 
materials were applied to young turnips. 














APHIDS 
PER Lear 
Pints Avaust YIELD PER 
Ma- PER 160 ————————-_ Pior? 
TERIALS! Gaus. Dates 14 23 
Schradan 4.0 7-20, 8-1 15 25 119.0 Ibs. 
Schradan 4.0 7-20 140 420 70.5 
Schradan 5 7-20, 8-1 115 480 71.0 
Schradan 5 7-20 650 1600 81.5 
Systox 1.0 7-20, 8-1 20 140 96.0 
Systox 1.0 7-20 280 1200 42.5 
Systox 5 7-20, 8-1 85 750 58.5 
Systox 5 7-20 260 1400 41.5 
Check 870 1700 26.5 





1 Emulsifiable concentrates, schradan 45 per cent and Systox 
$2 per cent. 

2 Turnip greens and globes per 18 feet of row space harvested 
on September 14. 

EXPERIMENTS ON EaoGpLAnts.—Egg- 
plants serve as an excellent host plant for 
the two-spotted mite, Tetranychus bi- 
maculatus Harvey, and such aphid species 
as Mysus persicae (Sulzer) and Iilinioa 
solanifolti (Ashmead). For this reason 
eggplants have been used in several ex- 
periments involving systemic materials. 

Table 2 shows the comparative per- 
formance of Systox, schradan, malathon 
and parathion treatments applied to 
mature eggplants heavily infested with 
the above mentioned pests. The materials 
were applied only once (September 19) 
and counts were made on the second and 
fifth days after spraying to determine the 
per cent kill. Pepper plants heavily in- 
fested with the green peach aphid, Mysus 
persicae (Sulzer), growing alongside the 
eggplant rows also were treated with the 
same materials. The degree of aphid kill 
obtained on these plants closely paralleled 
that observed on the eggplants. 

In a second experiment starting on 
July 10, young eggplants were sprayed 
three times at 10-day intervals with dif- 
ferent concentrations of schradan and 


Table 2.—Mortality of aphids and mites on 
mature eggplants following insecticide applica- 
tion. 








Pints Apxuips Mires Mites 
PER Deap Drap Deap 
100 Seconp Seconp Firrxa 





Mareriats! Gats. Day Day Day 
Systox 1.5 100% 99.2% 99.9% 
Systox 1.0 100 99.2 99.2 
Parathion 1.0 100 96.1 99.4 
Systox 0.5 100 96.0 98.9 
Systox 0.25 100 91.5 98.0 
Malathon 1.0 100 89.8 93.9 
Schradan 1.0 98 67.3 93.0 
Schradan 1.5 98 65.6 86.4 





1 Emulsifiable concentrates, Systox 32 per cent, parathion 25 
per cent, malathon 50 per cent and schradan 45 per cent. 
Systox. The data show that vigorously 
growing eggplants lose their toxicity quite 
rapidly. However, plants treated with the 
concentrations schradan 4-100 and Sys- 
tox 1-100 gave 80 to 90 per cent aphid 
control 24 days after the last spray ap- 
plication and 40 to 60 per cent mite con- 
trol 2 months after the last spraying. 

A third experiment was set up for the 
purpose of comparing residual toxicity of 
similar concentrations of schradan and 
Systox with each other and relating these 
to a standard, parathion. The sprays were 
applied to mature eggplants late in the 
season after mite and aphid populations 
had become established on the plants. 
Many untreated plots were left through- 
out the experimental planting in order that 
reinfestation might occur on systemic- 
treated plants as soon as they became less 
toxic to aphids and mites. Figure 1 shows 
the relative mite control obtained in this 
experiment. Aphid control on these plots 
followed the same general pattern as for 
mites. 
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Fic. 1.—Control of the two-spotted mite on mature 
eggplants. Broken lines show assumed contro] based 
on data given in table 2. Solid lines show mite con- 
trol as determined by population counts. Plants 
treated with schradan 0.5-100 showed higher mite 
populations than did untreated plants on 9/27. 
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When mite control is used as the cri- 
terion for determining the amount of 
schradan or Systox remaining in the 
plants, the results of this experiment are 
found to be in direct contrast to those se- 
cured in the turnip experiment; whereas 
schradan showed longer residual action in 
fast growing turnips. Systox showed better 
residual action in mature eggplants. 

In a fourth experiment eggplants were 
sprayed at 10-day intervals throughout 
the growing season using 1.5-100 con- 
centrations of both schradan and Systox. 
On October 12, 52 days after the sixth 
and last spray application, Systox was 
found to be giving 95 per cent mite con- 
trol while schradan gave only 33 per cent. 

EXPERIMENTS ON Potators.—Data ob- 
tained in one experiment where systemics 
were used in the control of the potato leaf- 
hopper, empoasca fabae Harris, are sum- 
marized in table 3. Systox was quite ef- 
fective against the nymphs while little 
or no control of this pest was obtained 
with schradan. In this experiment, on 
nearly mature potato plants, both Systox 
and schradan were used in two concentra- 
tions and were applied only once. 


Table 3.—Degree of leafhopper control ob- 
tained when one application of systemic ma- 
terials was made on July 25 to nearly mature 
potato plants. 








AVERAGE NYMPHS 











Pints PER LEAFLET 

PER 100 AVERAGE 

Mareriats! Gats, 7-26 8-1 8-10 8-16 ConTROL 

Schradan 2-100 $3.1 2.0 3.6 . 0 0% 
Schradan 6-100 3 2.8 3.6 2 4.8 
Systox 1-100 a¢ °-@3 0.1 0.0 94.4 
Systox 2-100 0.0 0.0 0.1 0.0 98.8 

Check 

(Untreated) 3.0 1.0 4.0 . 0.0 





1 Emulsifiable concentrates, schradar 45 per cent and Systox 
32 per cent. 

2 Plants dead. 

When Systox was found to be effective 
in the control of the potato leafhopper a 
second experiment was set up to deter- 
mine the percentage initial kill and the 
residual action of weaker concentrations 
of this material when sprayed on mature 
potato plants. DDT also was used as a 
standard for making comparisons. Figure 
2 shows the results obtained in this ex- 
periment. 

Systemic Resipuges.—Schradan and 
Systox both are highly toxic to warm- 
blooded animals and for this reason a very 
important matter concerned with their 
use on vegetable crops is the residue prob- 
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lem. During the 1951 season a total of 36 
samples representing a wide variety of 
vegetable crops were submitted by the 
authors for residue analyses. In most cases 
residue results for both schradan and 
Systox were so variable that no definite 
conclusions could be drawn. Some samples 
showed higher residues remaining in the 
edible vegetable portion for schradan 
than for Systox when similar concentra- 
tions were compared. In others the re- 
verse was observed. 

In view of the fact that Systox has 
shown good control of the potato leaf- 
hopper it should be mentioned that three 
samples of potato tubers taken from Sys- 
tox treated plots were included in the sub- 
mitted samples. The plots were treated 
with varying concentrations and with 
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Fig. 2.—Control of potato leafhopper nymphs on 

mature potato plants. Broken lines show assumed 

control while solid lines show control determined 
by population counts. 


rarying numbers of applications of Sys- 
tox and in no case was the residue higher 
than 0.1 p.p.m. 

SumMary.—Field experiments were 
conducted during the 1951 season in 
which schradan and Systox, applied as 
foliage sprays, were compared with each 
other and with other organic insecticides 
in the control of certain vegetable pests. 
Systox was found to give good initial kill 
of the potato leafhopper, empoasca fabae 
Harris, in concentrations as low as .25 
pints per 100 gallons. Schradan proved 
ineffective against this insect. Both schra- 
dan and Systox gave good control of the 
two-spotted mite, Tetranychus bimacula- 
tus Harvey, and all aphid species encoun- 
tered, namely Rhopalosiphum pseudobras- 
sicae (Davis), Myzus persicae (Sulz.), and 
Iilinoia solanifolii (Ashm.). Residual ac- 
tion of both systemics is dependent upon 
the amount of active ingredient applied 
to the plant. In vigorously growing tur- 
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nips, Systox gave better initial aphid kill 
in low concentrations than  schradan 
whereas schradan gave longer residual ac- 
tion for all concentrations tested than did 
Systox. Systox, however, gave better resid- 
ual action in mature eggplants when 
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comparable amounts of schradan and 
Systox were used. Residue analyses of 
various vegetable samples have shown 
conflicting results and no general com- 
parisons can be made between schradan 
and Systox. 
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Woolly Apple Aphid in Codling Moth and Mite 
Control Spray Plots! 


J. H. Newton and Geo. M., List, Colorado Agricultural Experiment Station, Fort Collins 


During the past few years many reports 
on codling moth control have noted with 
alarm the increased incidence of woolly 
apple aphid Eriosoma lanigerum (Hausm) 
in those orchards sprayed with DDT. 
This increase has been in most instances 
attributed to the killing of the woolly 
aphid parasite Aphelinus mali (Hald:) 

The following data on the incidence of 
the woolly apple aphid are taken from 
our experimental orchard spray tests of 
1949 and 1950, which were conducted at 
Paonia primarily as studies of codling 
moth and mite control. 

MerHops AND Marertats.—The 
1949 experimental test included eight 
treatments replicated 4 times in ran- 
domized plots. Each replicated consisted 
of three or more trees of the Delicious 
variety in tandem in tree rows fifty feet 
apart. Four spray applications were made. 
A record was taken of the number of 
woolly apple aphid infested nodes on 10 
water sprouts selected at random from the 
center or count tree of each replicate. 
The sprouts were of approximately the 
same length as evidence by the total 
number of nodes examined. 

During 1950 each treatment was re- 
plicated five times on plots of two trees 
each of the variety Jonathan. Ten sched- 





ules of miticides were used in combina- 
tion with DDT (50 per cent wettable 
powder at the rate of 1.5 pounds to each 
100 gallons of spray solution. Sprays were 
applied with a conventional type of 
sprayer with a four nozzle spray broom 
at 600 pounds of pressure. 

All plots received five applications, the 
timing being based largely on codling 
moth activity. A cold period the first 
week of June 1950 prolonged the emer- 
gence of the first brood moths. Therefore 
the third application was a “between 
brood” spray. All acaricides were omitted 
from this application. Spraying dates 
were as follows: First, May 29, 30, 31; 
second, June 12; third, June 28; fourth, 
July 24; fifth, August 9-10. The acaricide 
88R was used in treatment No. 3 only in 
the first two applications. The clover 
mite, Bryobia pratensis Gar., became so 
abundant that parathion was substituted. 
For the same reason DN 111 replaced 
EPN in treatment 2. Treatment 10 was 
started as the check for mite control but 
the clover mite infestation became so 
heavy sulfur was added in the fourth 
and fifth applications to save the foliage. 


1 Scientific Journal series Paper No. 383 Colorado Agricul- 
tural Experiment Station. 
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Table 1.—The means of the number of apple sprout nodes examined and those found infested with 
woolly apple aphids under eight treatments which were applied primarily for codling moth and mite 
control. Paonia, Colo. 1949. 











Means MEAN Erri- 
NopEs INFESTED CIENCY 
TREATMENTS EXAMINED NopEs RANK 
1. DDT (50%) ) 1a 5 Rats wettable micronized sulfur 8 lbs. 
(4 Ibs. in 4th application) 236.50 5.75 Q 
2. Parathion (25%) 1.5 lbs. 232.50 0.75 1 
3. Methoxychlor (507%) 2 Ibs.; parathion (25%) 1 lb. 235.00 5.75 2 
4. Me thoxychlor (50%) 3 lbs.; DN 111! 1.5 lbs. first appli- 
cation, 0.75 Ibs. remaining applications 213.75 88.25 7 
5. DDT 1 Ib.; parathion (25%) 1 Ib. 222 50 6.50 4 
6. DDT 1.5 “hy DN 111! as in No. 4 214.00 36.50 6 
7. DDT 1.5 lbs.; C-854 1 Ib. 222 .50 90.50 8 
8. DDT 1.5 lbs.; T™.. 1? 1 Ib. 190.50 28.00 5 
Total 1767 .25 262.00 
Diff. Reg. for Sig. 5% point 46.61 
Diff. Reg. for Sig. 1% point 63.57 





1 Dinitro-o-cyclohexylphenol, dicyclohexylamine salt. 20%. Dow Chemical Co. 
2 P-chlorobenzene sulfonate (50% W.P.). Dow Chemical €o. 
* TM-1; Dinitro-capry! phenyl crotonate. Rohm and Haas.’ 


Table 2.—Readings of the degree of infestation from the woolly apple aphids under 10 treatments 
which were applied primarily for codling moth and mite control. Paonia, Colo. 1950. 








ContTROL READINGS 





TREATMENTS, AMOUNTS PER 100 GAs. WATER Total Mean Rank 





1. DDT 15 Ibs.; DN 111! 1 Ib. Ist application 0.75 Ib., 2nd, 


4th & 5th applic: ations 16.5 3.3 6 
2. DDT 1.5 lbs.; EPN 0.5 1st and 2nd applications, DN 111 
0.75 lb. 4th and 5th 18.5 3.7 8 
3. DDT 1.5 lbs.; 88R? 1 Ib. 1st and 2nd applications, Parathion 
(25%) 0.75 lb. 4th and 5th 6.5 1.3 2 
4. DDT 1.5 lbs.; C-1006? 1 Ib. Ist, 2nd, 4th and 5th applications 19.0 3.8 9 
5. DDT 1.5 lbs.; wettable sulfur 8 Ibs. Ist and 2nd and 6 lbs. 
4th and 5th 5.5 ee 1 
6. DDT 1.5 lbs.; sulfurt 8 Ibs. Ist and 2nd and 6 Ibs. 4th 
and 5th 8.0 1.6 4 
7. DDT 1.5 lbs.; Toxaphene (40%) 0.75 lb. Ist and 2nd, 
DMC (25%)* 1 pint 4th and 5th 20.0 4 10 
8. DDT 1.5 lbs.; TM-1 (25%)® 1 lb. Ist; 2nd, 4th and 5th 18.0 3.6 ’ 
9. DDT 1.5 lIbs.; Parathion (25%) 0.75 lb. Ist, 2nd, 4th 
and 5th 7.5 1.5 3 
10. DDT 1.5 lb.; wettable sulfur 6 Ibs. 4th and 5th 12.0 2.4 5 
Diff. Reg. for Sig. 5% point 1.116 
1.497 


Diff. Reg. for Sig. 1% point 





* 1=0 infested twigs readily visible from base of tree. 
1 to 3 infested twigs readily visible from base of tree. 
3 =4 to 6 infested twigs readily visible from base of tree. 
4=7 to 10 infested twigs readily visible from base of tree. 
5=11 or more infested twigs readily visible from base of tree. 
1 Dinitro-o-cyclohexylphenol dicyclohexylamine salt, 20%. Dow Chemical Co. 
: Aryl alkyl sulfite. Naugatuck Chemical Division of the U. S. Rubber Co. 
-chloropheny!- p-chlorobenzene-sulfonate (50% , W.P.) Dow Chemical! Co. 
« Passed bentonite sulfur. Niagara Sprayer and Chem. Div., Food Machinery Comp. 
5 Di(p-chlorophenyl) methy! carbinol (25% D.M.C.) Sherwin Williams Co. 
6 Dingtro -capryl pheny!] crotonate. Rohm and Haas Co. 


1= 
2= 
3= 


Resutts.—During 1949 effective and equally effective. DN 111 in conjunction 
not significantly different woolly apple with methoxychlor (treatment 4) per- 
aphid control was obtained with treat- mitted a greater build-up of the woolly 
ments 2, 3, and 5 wherein parathion was apple aphid than did the combination of 
used alone or in combination with other DN 111 and DDT (treatment 6). C-854 


materials (Table 1). The DDT-wettable 
sulfur combination (treatment 1) was 


and DDT (treatment 7) permitted a 
heavy build-up. The infestations under 
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treatments 4 and 7 were of definite econom- 
ic importance. The unexpected results 
from the use of the DDT-sulfur combina- 
tion were also apparent in the commercial 
orchards of the district wherever thorough 
applications had been made. This is an 
important development under Colorado 
conditions, as it affords excellent control 
of powdery mildew, green aphids, brown 
mites and codling moth, at a low cost. 
There seemed to be no phytotoxic effects 
from the use of the DDT-sulfur combina- 
tion even though high maximum tempera- 
tures prevailed a number of times during 
mid-season. This DDT-sulfur combina- 
tion has been incorporated in our experi- 
mental plots for a number of seasons. 
However, this was the first season we 
were able to gather mathematical evidence 
pertaining to the control of the woolly 
apple aphid. The two materials have al- 
ways shown excellent compatability. 

Effective supression of the woolly apple 
aphid in the 1950 tests came from the 
use of schedules 3, 5, 6 and 9, in which 
parathion, wettable sulfur or Kolofog 
sulfur was used with DDT. There are no 
significant differences in this group. All 
four of these first ranking schedules show 
a highly significant effectiveness over the 
treatments in which DN 111, Karathane, 
EPN, C 1006, toxaphene and Dimite 
were used. 

The sulfur-DDT schedules were as 
effective as the parathion and DDT. 
Wettable sulfur and another form! 
sulfur were equally effective when com- 
bined with DDT. Wettable sulfur used 
in only the last two applications gave defi- 
nite woolly aphid control but was less 
effective than where used in four applica- 
tions. None of the schedules used showed 
economic phytotoxic effects. The two 
sulfurs and parathion, when used with 
DDT, did not decrease codling moth con- 
trol. 

Discussion.—The combinations of 
DDT and sulfur and DDT and parathion 
gave highly significant controls of the 
woolly apple aphid in the experimental 
plots of both 1949 and 1950. The DDT- 
wettable sulphur combination was again 
effectively demonstrated through grower 
experience during the season of 1951. 
The combination was recommended to a 


number of growers who had reported in- 
creasing difficulty in the control of the 
woolly apple aphid even though they had 
been using one or two summer sprays of 
such materials as nicotine sulphate or 
parathion. They reported that such sprays 
reduced the aphid population for a time 
but there was a heavy buildup by the end 
of the season. This has been experienced 
in our experimental plots a number of 
times. Inspection of 6 different orchards 
in 1951 where the DDT-sulphur com- 
bination had been used in four cover 
sprays, showed practically 100 per cent 
control of the woolly apple aphid. In 
these same orchards a number of instances 
were found where the only aphids pres- 
ent were on trees which had been poorly 
sprayed or missed entirely. 

Following a week of excessively high 
temperature of 90° F. or above, during 
1951 there was some evidence of leaf 
scald. In no instance was this considered 
of economic importance by the grower and 
could not be attributed to the sulphur as 
the same leaf scald or burn could be 
found on trees which had not received 
sulphur or sulphur combination spray 
during the season. 

In our 1951 experimental plots at 
Cedaredge where woolly apple aphid 
populations were very high at the close 
of the season of 1950, the DDT-sulphur 
combination cleaned up the infestation 
to near the 100 per cent point and there 
was no evidence of leaf burn. 

SUMMARY AND Conc iusions.—The 
woolly apple aphid as well as the clover 
mite and the two-spotted mite popula- 
tions build-up in Colorado orchards 
sprayed with DDT for codling moth con- 
trol. In tests of combinations of acaricides 
with DDT, definite woolly apple aphid 
control is shown with DDT and sulphur 
and DDT and parathion. The use of these 
combinations has not lowered the effi- 
ciency of the DDT for codling moth con- 
trol. The DDT and sulphur combination 
has come into general use in Western 
Colorado. It is giving control of the cod- 
ling moth, the two spotted mite, the clover 
mite, the green apple aphid, and the 
woolly apple aphid, while the sulphur is a 
necessity for powdery mildew control. 

1 Kolofog. 
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Effect of Early Season Sprays Against Plum Curculio 
on Peaches 


Cari J. WEINMAN! 


During the past several years, Illinois 
recommendations for the control of plum 
curculio on peaches have been shifting 
toward earlier application of the first 
spray. Until 1948, for example, growers 
were told to begin sprays for curculio 
when the shucks were half-way off. Then 
in 1949 and 1950, growers were advised 
to apply the first curculio spray when the 
shucks first begin to split. In 1951, for the 
first time, provision for a petal-fall ap- 
plication for curculio was included in the 
recommendations. This change has been 
brought about largely through the obser- 
vations of Mr. S. C. Chandler, associate 
entomologist, Illinois Natural History 
Survey, that the first dropped fruit in 
late spring had the highest percentage of 
curculio entries (unpublished data). In 
well-sprayed orchards, the percentage of 
curculio larvae decreased abruptly in 
dropped fruit picked up after the first 
week in June. It appeared, therefore, that 
spraying for curculio simply was started 
too late. 

It should probably be mentioned that 
under normal Illinois conditions peaches 
in unsprayed orchards are nearly 100 per 
cent infested with curculio and most are 
on the ground by the end of the first-brood 
period. The importance of first-brood 
control is, therefore, readily apparent. 

During the season of 1950, a series of 
tests was run to study the effects of vary- 
ing the time of application of first-brood 
sprays for curculio control on peaches. 
One of. the orchards used in this experi- 
ment was divided in half and sprayed at 
the time of 50 per cent bloom to determine 
the value of dieldrin against catfacing in- 
sects. The north half of this orchard, next 
o a large, poorly sprayed, and heavily 
infested block of trees not included in the 
experiment, was sprayed once (at 50 per 
cent bloom) with 8% actual dieldrin per 
100 gallons of spray. Sulfur alone was ap- 
plied to this plot at full bloom. The south 
half of the orchard was sprayed with 1 lb. 
actual DDT plus sulfur twice—at 50 per 
cent and at full bloom. 

Examination of drops during the grow- 
ing season and of picked fruit at harvest 
showed 2.0 per cent catfaced drops and 


3.0 catfaced fruit at harvest, with 2.7 per 
cent of the total crop from 10 record trees 
catfaced in the dieldrin plot. The plot 
which was sprayed twice during bloom 
with DDT had 7.3 per cent catfaced 
drops, 9.6 per cent catfaced picks, with 
8.8 per cent of the total crop (from 10 
trees) catfaced. A further examination of 
the data revealed that at the end of the 
first-brood period, fruit in the dieldrin 
plot showed 43.6 total curculio injuries 
per 100 fruit, whereas there were 76.0 
such injuries per 100 fruit in the half 
sprayed twice during bloom with DDT. 
Moreover, 10 trees in each plot jarred at 
six times during the first-brood period 
produced 97 curculios in the dieldrin plot 
and 218 curculios in the block sprayed 
with DDT. 

Peaches from this orchard were har- 
vested on September 17. At that time, 
the difference between plots was still ap- 
parent. Among all the fruits still on the 
10 record trees in each plot at harvest, 
there were 48.1 stings and 53.1 entries 
per 100 fruits in the plot sprayed with diel- 
drin in bloom and 60.2 stings and 78.3 
entries per 100 fruit in the DDT-sprayed 
half. Catfacing among the picked fruit at 
harvest amounted to 3.0 per cent in the 
dieldrin block and to 9.6 per cent in the 
DDT plot. 

Inasmuch as the only constant differ- 
ence between the two halves of this ex- 
perimental orchard was in the bloom 
sprays applied, dieldrin having been used 
over the whole orchard in sprays starting 
with the shuck-split application, there 
was good reason to suspect that the early 
spray of a material known to be effective 
against p!um curculio was much more im- 
portant in control than had been sus- 
pected. The persistence of the difference 
in curculio injury between the two plots 
even to harvest was the more surprising 
because no sprays of any kind were ap- 
plied in this orchard after May 29. Under 
Illinois conditions, sprays for curculio are 


1 Entomologist, Illinois Natural History Survey. The author 
gratefully acknow “+ iy the advice and help in planning the ex- 
—— of George C. Decker, entomologist and head, Illinois 

Yatural History Survey and ‘Tllinois Agriculture Experiment 
Station. Jeane C.W arner, research assistant, and others assisted 
in the field work and in the statistical analy sis of the data. 
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usually continued until two or three weeks 
before harvest. Furthermore, the proxim- 
ity of the large, poorly sprayed orchard 
to the dieldrin plot gave additional credit 
to the hypothesis that beginning curculio 
sprays in the bloom can show a season- 
long advantage over starting the control 
with the shuck-split application. The high 
incidence of plum curculio in this orchard 
and the scarcity of sucking insects in jar- 
ring collections suggested that the reduc- 
tion in catfacing was probably also the re- 
sult of improved control of curculio. 

Few Illinois growers regularly apply 
any spray to peaches at petal fall. In 
general, therefore, the 1951 recommenda- 
tion that a petal-fall spray of chlordane 
be applied had the effect of increasing the 
season total applications by one. In all ex- 
cept the most northern peach growing 
area of Illinois, however, growers do apply 
one or more sprays during bloom for the 
control of blossom blight. DDT has been 
included in these bloom sprays for the 
control of catfacing insects other than 
curculio (Chandler 1948). Since the 1950 
experiment had indicated that the first 
curculio spray might be applied as early 
as the time of 50 per cent bloom with good 
results, and since most growers apply a 
spray at full bloom anyway, the possi- 
bility of using an insecticide other than 
DDT for the control of both curculio and 
sucking insects at full bloom was the sub- 
ject of the investigations here reported. 

PLAN OF ExPERIMENT.—As the object 
of the 1951 experiments was to determine 
the advantages or disadvantages in the 
application of a spray for curculio control 
at bloom time, plots of the standard 
schedule (DDT in bloom, followed by 
chlordane or parathion in the petal-fall 
or shuck-split application) were paired 
against plots in which dieldrin, chlordane, 
or parathion was used in the bloom and 
next spray (petal-fall or shuck-split, de- 
pending on the orchard practice). There- 
after, both plots of each pair were sprayed 
alike for the rest of the season. In most 
orchards, each plot was half an orchard 
in size, but some of the larger orchards 
were divided into three or four plots. 
Twenty orchards, representing 50 plots, 
were used in the entire study, and these 
were distributed from Villa Ridge, in the 
extreme southern tip of Illinois, to Lima, 
30 miles north of Quincy. Most of the 
tests were in blocks of Elbertas, but Red 
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Haven, Golden Jubilee, Georgia Belle, 
Cling, Hale Haven, and Gage Elberta 
were used for some pairs of plots. 

Most of the test plots were sprayed 
with dieldrin at 4 ounces (actual) per 100 
gallons in the bloom and petal-fall or 
shuck-split applications, since this com- 
pound had given such excellent results in 
our 1950 experiments and because it has 
been shown to be highly effective against 
curculio, with a long residual activity 
(Chandler 1950; Snapp 1951; Wylie 
1951). Dieldrin at 8 ounces in the bloom 
spray only, followed by the standard 
schedule, and parathion or chlordane in 
the bloom and next application were in- 
cluded in a few of the test plots. 

Recorps.—Jarring records were taken 
on trees in the five rows at the edge of the 
various plots from one to several times 
between April 18 and May 30, which was 
roughly between petal-fall and the time of 
the second-cover spray in the various or- 
chards. 

After the fruit had set, five trees near 
the center of each plot were marked for 
records. As nearly as possible, records 
were taken on every fruit on each marked 
tree in each plot. Drops were collected at 
irregular intervals from May 23 until har- 
vest, and every drop was examined. At 
harvest, every fruit still on the tree was 
examined, and those showing curculio or 
suspected curculio damage were removed 
and further examined by cutting to de- 
termine whether the blemishes repre- 
sented entries or stings or damage from 
some other insect. In three of the or- 
chards, trees were too tall to permit ex- 
amination of the highest fruit, even from 
a 10-foot ladder. In these plots the 
peaches which could not be reached were 
counted so that we still would have the 
number of total fruit per tree. 

Near the end of the first-brood period, 
50 peaches from each of 10 trees in each 
plot were examined for curculio damage. 
Since these fruit were not cut to deter- 
mine whether a blemish was a sting or an 
entry, all injuries were recorded as stings. 
Counts of both the per cent of fruit stung 
and the total stings per 100 fruit were 
made. In all other counts, however, stings 
were recorded only from fruit which did 
not also have an entry. 

Resutts.—The results of these experi- 
ments appear in tables 1 to 6. In order to 
study the effects of the different bloom 
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sprays also on insects other than cur- 
culio, the data are arranged in two groups 
in each table. In one are summarized the 
records from orchards having a moderate 
to heavy infestation of curculio, and in 
the other are the average records from or- 
chards which experienced only light cur- 
culio attack in 1951. Not all of the 50 plots 
are included in these summaries, because 
it was impossible to get complete records 
on a few orchards—mostly because a 
number of plots were abandoned before 
harvest when severe injury from the pre- 
vious extreme winter caused defoliation 
of the trees or premature drop of fruit. 

The statistical significance of the re- 
sults was tested by “‘Student’s”’ t-test for 
paired values. The occurrence of obvi- 
ously anomalous results led to the de- 
velopment and use of a method which 
takes account of the fact that the data re- 
ported (e.g. per cent of damaged fruit) re- 
sult indirectly, the direct effect of the 
treatment being on the number of living 
insects.! 

In table 1 are recorded the average 
numbers of plum curculios and sucking 
insects (mostly stink bugs) jarred during 
the early part of the season (between 
April 18 and May 30 in the various 
plots). Most of the jarrings were made 
after the shuck-split application, by which 
time all orchards had been sprayed for 
curculio. The statistically highly signifi- 
cant difference in numbers of curculio 
adults between those plots sprayed for 
curculio in bloom and those sprayed with 
DDT emphasizes the persistence of low 
numbers of adults in the test plots 
throughout the jarring period. 

Most peaches infested with curculio 
larvae drop off the tree before the larvae 
are mature. The incidence of curculio in- 
festation in dropped fruit is, therefore, 
always higher than in the fruit on the 
tree. The examination of every dropped 
fruit from each of five record trees in each 
plot throughout the entire season gives a 
reliable index of the abundance of cur- 
culio at different times between bloom 
and harvest. Table 2 is a summary of the 
season’s records on dropped fruit. These 
show a highly significant difference in 
curculio damage (except catfacing), in 
favor of the curculio bloom spray in or- 
chards having a moderate to heavy in- 
festation. Among the plots having only a 
light infestation, differences in stings and 
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entries are significant, but only the dif- 
ference in per cent entries is highly sig- 
nificant. 

Since both pairs of plots in each orchard 
were sprayed alike except for the first 
one or two applications, it might be an- 
ticipated that the earliest drops would 
show the greatest difference in control be- 
tween the test and standard treatments. 
That this is actually true is shown by the 
data in table 3. Orchards in which cur- 
culio was a problem had highly signifi- 
cant differences in all categories except 
oriental infestation. As early as May 23, 
grown larvae were found in dropped 
peaches no larger than a man’s thumb- 
nail—peaches which showed no develop- 
ment beyond that attained at shuck-fall 
time. In other years we have considered 
such peaches to have failed to develop be- 
cause of “poor set” or “weak buds,” and 
they were not included in our drop ex- 
aminations. These tiny fruit were almost 
100 per cent infested in the standard 
blocks of some orchards. Since it is con- 
sidered to take about a month for larvae 
to develop to maturity at that time of the 
year, the eggs must have been laid cer- 
tainly earlier than the shuck-split stage. 

The data on per cent of curculio dam- 
aged fruit and total injuries per 100 fruit 
from peaches still on the tree at the end 
of the first-brood period appear in table 4. 
Since it can be assumed that most of the 
earliest entered fruit had dropped by this 
time and that most of the stung peaches 
were attacked later than the shuck-split 
stage, it is surprising that there is so 
great a difference between standard and 
test blocks so late in the season. These re- 
sults again give reason to suspect that 
populations in the test plots never built 
up to the level of those which did not get 
a curculio spray in bloom. Such a conclu- 
sion implies that adult curculios do not 
move around much within an orchard 
when there is an abundance of food, but 
this implication is contrary to the gen- 
erally accepted opinion. 

Table 5 summarizes the results from 
examination of fruit still on the record 
trees at harvest. Even though the two 
members of each pair of plots were 
sprayed alike throughout the season after 
the shuck-split application, there still 

1 This modification was developed by H. W. Norton, professor 
of openness statistics, University of Illinois, and thanks are 


due him for help in the more accurate evaluation of the experi- 
mental results, 
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Table 1.—Jarring records—Early first-brood 
period (42 paired plots). 








Ave. NumBer or Insects 
JARRED FROM 5 TREES 





PER PLor 
ag) | ae 
Curculio z Insects 
Curculio spray in bloom 8.01 4.8 
No curculio spray in bloom 27.9 6.6 





1 Difference highly significant. 


is a highly significant difference between 
treatments in entries, carfaced fruit, and 
per cent of clean fruit in those erchards 
having moderate to heavy curculio infes- 
tations. 

In table 6 are the data for the total crop 
(drops and picks), averages of all the fruit 
on each of the 5 record trees in each plot. 
Again, in the moderately to heavily in- 
fested orchards, there are significantly 
lower percentages of fruit stung, entered, 
and catfaced in the plots in which a cur- 
culio spray was applied during bloom. 
Moreover, there are 10.7 per cent more 
clean fruit in these plots, and 7.0 per cent 
more fruit (“‘per cent picks”’) still on the 
trees at harvest time. 

Although, in table 6, none of the differ- 
ences between treatments in orchards 
having only a light infestation of curculio 
is significant, there is slight evidence in 
the results listed in tables 2, 3, and 6 that 
the DDT used in the bloom period is 
somewhat more effective than the other 
insecticides against catfacing insects other 
than curculio. 


Discussion.—In two orchards, it was 
possible to make a direct comparison in 
results between the use of dieldrin and 
parathion during the bloom period. In 
both orchards, dieldrin (4 ounces actual) 
was superior to parathion (0.3 lb.) in all 
categories. Chlordane was used (at 1 lb.) 
in the bloom in two orchards, and it too 
was less effective than dieldrin. Chandler 
(1950) has shown that five applications of 
dieldrin throughout the season were more 
effective than eight sprays of chlordane, 
parathion, lead arsenate, BHC, aldrin, 
EPN, or dilan in the control of plum 
curculio. Snapp 1952, reports that only 
dieldrin among 9 materials tested gave 
adequate control of curculio under condi- 
tions of heavy infestation. 

The period between bloom and shuck- 
split may be as short as a week or it may 
be 3 weeks or longer, depending on the 
weather. It is important, therefore, that 
the insecticide used during bloom for the 
control of curculio have a long residual 
effectiveness. Among the organic insecti- 
cides now in use commercially or experi- 
mentally on peaches to control curculio, 
dieldrin has the longest residual effect. 
For these several reasons, it seems that 
dieldrin offers the greatest promise for 
use in early season sprays to combat plum 
curculio. 

Chemical analyses of leaves and fruits 
from some of the plots included in these 
experiments showed no residues of diel- 
drin at harvest. In another orchard, not 
included in these tests, fruit from a plot 


Table 2.—Total drops. Ave. from 5 trees per plot. 








Orcuarps with Mop.-Heavy CurcuLio 


(28 Parrep Pots) 


Oxcuarps wits Ligut CurcuLio 
(16°Parrep Ports) 





Stings Entries Oriental Catfaced Clean | Stings Entries Oriental Catfaced Clean 





Curculio spray in 
bloom 


No curculio spray 7.9 27.3 10.0 


| Per Cent Per Cent Per Cent Per Cent Per Cent | Per Cent Per Cent Per Cent Per Cent Per Cent 
| 
} 
| 


5.7T 15.6f 12.0 12.5 
12.9 


86.2 
82.7 


7 
—) 
oO 

—+ 
mo 


mo 
Ce 
i) 





* Difference significant. 
t Difference highly significant. 





Table 3.—First pick-up of dropped fruit—Early first-brood period. Ave. from 5 trees in each plot. 





| Orcuarps witu Mop.-Heavy CurcuLio 


(28 Parrep Piots) 


Orcuarps wits Licut Curcuiio 
(18 Parrep PLots 





‘Per Cent “Per Per a Per Per Cent 


of Total Cent Cent Cent Cat- 
Crop Stings Entries Oriental f. 


Per \Per Cent Per Per Per Per Cent Per 
Cent | of Total Cent Cent Cent Cat- Cent 
Clean | Crop Stings Entries Oriental faced Clean 





Curculio spray in ee spray in 


bloom 13.7¢ 3.8T 14.3T 3.8 10.0T 


No curculio spray 
in bloom | 22.0 6.3 34.5 2.6 14.7 


69.9t | 7.8 1.9 0.4t 0.04 8.1 89.9 
5 | 6.0 2.6 1.6 0.0 5.4 90.5 





t Difference highly significant. 









Y LUbiinniics 





650 JOURNAL OF Economic ENTOMOLOGY Vol. 45, No. 4 
Table 4.—Total stings and entries near end of first-brood period. 50 fruit examined from each of 
10 trees in each plot. 








Orcuarps with Mop.-Heavy | Orcuarps witu Ligut CurcuLio 
Curcutio (24 Parrep Piorts) (18 Parrep Ptots) 











Per Cent Stings per | Per Cent Stings per 

Stung 100 Fruit Stung 100 Fruit 
Curculio spray in bloom 17.7T 24.0F 6.3 8.7 
No curculio spray in bloom 27.8 43.8 7-2 9.4 





+ Difference highly significant. 


Table 5.—Total picked fruit. Ave. from 5 trees per plot. 


Orcuarps wita Mop.-Heavy CurcvuLio 
(28 ParreD Puots) 








Orcnarps wits Ligut Curcuio 
(18 PAIRED Puors) 


Per c ent Per Cent Per Cent ow Cc ent Per Cent Per C ent er Cent Per Cent Per Cc ent Per ( C ent. 











Stings Entries Oriental Catfaced Cc Cle: an Stings Entries Oriental Catfaced Clean 
Ce urculio spray in 
bloom 16.0* 2.5T 13.1 5.9T 65.6T 4.6 0.14 1.2 2.2 92.4" 
No curculio spray 
in bloom 19.2 8.0 14.7 12.9 53.3 3.2 0.22 0.6 2.1 94.2 





* Difference significant. 
t Difference highly significant. 


sprayed 4 times with dieldrin (at 4 oz. 
actual per 100 gallons) between Arpil 27, 
and May 14 showed 2.7 p.p.m. of dieldrin 
10 days (May 24) after the final applica- 
tion. On June 15, 0.4 p.p.m. of dieldrin 
remained on the fruit in this plot, but on 
June 22 and thereafter until harvest 
(August 16) no dieldrin could be detected 
on the fruit or leaves (Table 7). 
Analyses of residues from Elberta 
pes wches sprayed with dieldrin (4 0z.) 5 
times beginning May 12 and ending 
July 25 in 1950 showed 0.15 p.p.m. on 
field-sampled fruit at harvest, August 17. 
On the same date, samples of fruit taken 
after they had been run over grading 
equipment had 0.11 p.p.m. of dieldrin 
residue.! The commercial use of dieldrin 
on peaches as late as July, however, is 
not contemplated, but it does seem that 
this insecticide can be used without creat- 
ing a residue hazard if applications are 
limited to the first-brood period (end of 


June or earlier throughout most of the 


peach-producing areas of Illinois). Even 


if dieldrin were much more persistent 
than it is, its use in only the early season 
sprays, as reported in these present in- 
vestigations, would not result in a harvest 
residue, since the factor of growth dilution 
alone would reduce the spray material 
present at shuck-split time or even at 
first cover to a very low level. The ratio 
of peach size at harvest to size at the time 
of the first-cover application (10 days 
after shuck-split) is about 20:1. 

SUMMARY AND cONCLUSIONS.—Fifty 
paired plots in 20 orchards in Illinois were 
used for these experiments, in which the 
standard schedule (DDT in bloom fol- 
lowed by chlordane or parathion in the 
next application) was compared with one 
in which a material effective against cur- 
culio (dieldrin, chlordane, or parathion) 
was used in both the bloom and the second 
spray. 

Curculio control, judged by several cri- 





1 All chemical analyses here reported were made by James M. 
Bann, special research assistant, Illinois Natural History 
Survey. 


Table 6.—Summary, total crop. Ave. from 5 trees per plot. 








Orcuarps wita Mop.-Heavy Curcuiio 


(28 Patrep Puorts) 








Curculio spray in 


bloom | 62.8t 11.4¢ 8.0f 12.3 8.8t 


No curculio spray 


n bloom | 55.8 13.7 16.3 11.8 13.0 


Per Per Per Per Per Cent 
Cent Cent Cent Cent Cat- 
| Picks Stings Entries Orie ntal faced 





OrcHarps wits Ligut CurcuLio 
(18 Parrep Piots) 


Per Per Per Per Per Per C —_ Per 
Cent | Cent Cent Cent Cent Cat- Cent 
Clean Picks Stings E ntries Oriental faced Clean 








63.2T 89.8 4.4 0.15 1.2 2.7 92.0 
52.5 | 90.6 3.6 0.4 0.7 2.1 93.5 





t Difference highly significant. 








» 4 


h of 


LIO 


ent 
in 


4" 


ent 
son 
in- 
est 
ion 
“ial 

at 
tio 
me 
LVS 


fty 
ere 
the 
ol- 
the 
yne 
ur- 
yn) 
nd 


Tl- 


3M. 


tory 





August 1952 WrINMAN: EARLY SEASON Sprays AGAINST PLUM CuRCULIO 651 


Table 7.—Dieldrin residues on peach (foliage and fruits) p.p.m. at intervals after last treatment, 


Bartelso, 1951. 

















DaTEs 
May May May June June June August 
24 25 31 7 15 22 16 
Plot A 
Days after last spray 1 7 14 22 29 84 
Residue- leaves 23.0 12.7 5.95 13.4* — 0.0 
Residue-fruit 5.79 1.98 2.2 3.24* — 0.0 
Plot B 
Days after lastexpt.spray | 10 17 24 32 39 94 
Residue-leaves 10.02 4.62 2.31 1.14 0.0 — 
Residue-fruit | 2.68 1.31 1.38 0.38 0.0 — 





* New sup teetion of dieldrin. 
Harvested August 16, 1951. 


Plot A: Five applications of dieldrin, } lb. actual—April 27, May 3, May 8, May 14, May 24; parathion, 2 lb.—June 5; dieldrin, 


lb.—June 13; parathion thereafter. 


Plot B: Four applications of dieldrin, } lb. actual—April 27, May 3, May 8, May 14; parathion thereafter. 


teria, was significantly better in those 
plots receiving a curculio spray in bloom 
than in those sprayed with DDT in 
bloom, where plum curculio infestations 
were moderate to heavy. 

The per cent of catfaced fruit was sig- 
nificantly lower where a curculio bloom 
spray was applied except in orchards havy- 
ing only light infestations of curculio. 

The per cent of the total crop remain- 
ing on the tree at harvest was significantly 
greater in those plots sprayed with diel- 
drin, chlordane, or parathion in bloom, in 
orchards having moderate to heavy popu- 
lations of curculio. 

Among the materials tested, dieldrin 


offers the greatest promise in early season 
sprays for the control of curculio. 

No residues of dieldrin could be found 
chemically at harvest on leaves or fruit 
from plots sprayed with dieldrin in the 
bloom and shuck-split applications. No 
residue of dieldrin remained after June 22 
on fruit sprayed 4 times with dieldrin 
(4 oz. per 100 gallons) between April 27 
and May 14. 

The known rate of loss of dieldrin, to- 
gether with the factor of growth dilution, 
precludes the possibility of perceptible 
residues of dieldrin at harvest on fruit 
sprayed with this compound not later 
than the first-cover application. 
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Influence of Population Density on 
Tetranychus multisetis' 


Donavp W. Davis, California Spray Chemical Corporation, Sacramento, California 


During the course of a biological study 
on a spider mite, several effects of popula- 
tion density were noted. The species 
studied was initially identified as Tetrany- 
chus bimaculatus Harvey by E. A. McGre- 
gor. Since the time of the above studies, 
it was learned that McGregor has de- 
scribed this mite as a new species, T'etrany- 
chus multisetis. The mite is very closely 
related to the two-spotted mite both in 
habits and morphology. 

The mites were reared on ripe banana 
squash fruit, and barriers of petroleum 
jelly were used to prevent them from 
leaving the host. The relative populations 
of mites were observed by rotating the 
squashes under a binocular microscope 
and counting the mites that. fell within 
a 4mm. wide field of vision. It was neces- 
sary to sample equally both upper and 
lower surfaces of the squashes, since the 
mites increase on the lower surfaces 
before they do on the upper. In all cases at 
least five per cent of the total area of the 
squash was examined. This was accom- 
plished by counting the mites in about 
eight bands around each squash. The loca- 
tion of these bands was marked on each 
squash and the same areas were sampled 
throughout the experiment. 

A population was started by placing 50 
adult female mites on the squash surface. 
A period of about 45 days was required 
for the mite population to reach its maxi- 
mum density. Once the peak population 
was reached there was an abrupt decline 
in the numbers of mites. By the time a 
colony was 85 days old the population 
was very low, but a few individuals could 
still be found in a colony after 5 months. 
This rapid decline of the population was 
due to the fact that the mites fed on the 
surface cells of the squash, and once an 
area had been heavily populated it would 
no longer support them. 

INFLUENCE OF PopuULATION DENSITY 
ON THE NUMBER OF Ecos.—The popula- 
tion trends on eight squashes were deter- 
mined by observations made at ten day 
intervals. The total number of females 
and eggs was recorded and the number of 
eggs per female calculated. A summary of 
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Table 1.—Number of eggs and adult female 
mites, with the average number of eggs per fe- 
male, obtained from samples taken at 10-day 
intervals on eight banana squashes. 











Days FROM NUMBER AVERAGE 
START OF OF NUMBER EGGs PER 
CoLtony FEMALES or Eaas FEMALE 
25 27 190 7.04 
35 48 405 8.44 
45 252 1569 6.23 
55 146 437 2.99 
65 97 220 2.27 
75 37 54 1.46 





the results is given in table 1. The figures 
obtained prior to 25 days and after 75 
days are omitted because the counts 
were so low that the ratio of eggs to fe- 
mels was of questionable value. At the 
end of 25 days the average number of 
eggs per female was 7.04. ‘Ten days later 
the number of females had about doubled 
and the number of eggs per female had 
increased to 8.44. The population showed 
spectacular increases in the period just 
preceding the 45 day mark. Both the 
number of females and the number of 
eggs increased, but the average number of 
eggs per female dropped to 6.23. Ten 
days later this figure was only 2.99, by 
the 65 day period it reached 2.27, and at 
the end of the experiment it had decreased 
to 1.46. 

From the foregoing information it is 
seen that the total number of eggs con- 
tinued to increase until the peak adult 
population was reached, but the average 
number of eggs present per female had 
started to decrease some time before this 
peak was reached. This indicates that 
the scarcity of food due to crowding and 
over-feeding was beginning to have an 
effect on the oviposition rate before the 
impact on the total numbers of mites 
became apparent. This type of behavior 
due to crowding has been recorded by a 
number of workers in various zoological 
fields, and examples have been shown in 
insects by Park (1936) who worked with 


1 From work done at the University of California, Berkeley. 
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Tribolium, and by Pearl (1939) who stud- 
ied Drosophila. 

INFLUENCE OF PoPULATION DENSITY 
on ViaBrmLity oF Eaas.—Nonviable 
eggs could be recognized within about 24 
hours from the time of laying by their 














observation there were 7.84 per cent non- 
viable eggs, 10 days later it was up to 
18.18 per cent, and by the end of the 50 
day period of observation it reached 35.71 
per cent. The cause of nonviability was 
apparently associated with nutrition and 


























ale slight shvinkage and lusterless color. By due directly to a lack of embryonic 

bn the end of about 5 days the nonviable eggs development, and not to a lack of fertili- 

a were badly shrunken and dried. In making zation, since viable unfertilized eggs will 
asin counts on nonviable eggs, those more than develop into males. 

. 5 days old were not counted. This made INFLUENCE OF PopULATION DENsITY 

R possible the comparison of eggs of approxi- ON LonGEeviry.—It seemed probable from 

B mately the same age, inasmuch as the observations made that the adult mites 

— viable eggs normally hatch in 5 to 7 days had a shorter life span under crowded 

at the temperature used in the experi- conditions then where populations were 

ments. more sparse. No figures were obtained 

The results of the experiments on egg on the life span of individual mites under 

viability are shown in table 2. Two crowded conditions as no feasible method 

ao squashes were used and the sampled areas of marking the mites for this study was 

covered a total of 173 out of a possible available. 

a 1883 square centimeters. During the Among the young forms, however, there 
75 sk was a decided mortality due to crowding. 
- Table 2.—Egg deposition and percentage of Mite colonies expand largely at their 
f “ nonviable eggs, taken at 10-day intervals start- herimeters. This often results in eggs and 
e- ing at the time the colony was 25 days old, and - s ‘ : 
the two banana squashes. immature mites being left stranded in 
of fed-over areas. The young mites are not as 
ter Days FROM active as the mature mites, and many of 
led START OF Ecos IN a Cent them die without working their way to the 
er CoLony SAMPLES er outer edges of the colony. Mortality 
me 25 409 3.42 from this source is particularly high among 
saab 35 1136 3.52 newly hatched larvae. In one case 263 
Tie 45 -_ rage eggs were counted in the center of a dense 

of z Ht aa expanding colony. One week later 178 
of 75 45 35.56 dead larvae were found in the same area. 
Se In addition to the dead larvae in the cen- 
a ter of the colony, there were more dead 
at period from the time the colony was 25 larvae found near the perimeters that 
ail days old until it reached its peak 20 days could not be clearly identified with the 
. later, the percentage of nonviable eggs original eggs. Admittedly this case was 
a remained fairly constant at about 3.5 an extreme in population numbers and 
= per cent. From then on, however, there rapid rate of expansion, but it does show 
ie was a fairly rapid rise in the percentage that there can be considerable mortality 

= of nonviable eggs. By the thirtieth day of due to expansion. 
rad Table 3.—Number of individuals measured and their average sizes in mm. of mites grown in 
his crowded conditions and those reared in sparse colonies. 
4 CrowbeEpD PoPpuLATIONS SparsE PopuLaTions 
an Average Average 
“9a Length Width | _ Length Width 
ce STAGE AND SEX Number inmm.-= inmm, Number inmm. _ inmm. 
ya Eggs 20 0.14 0.14 18 0.14 0.14 
cal Quiescent larvae 13 0.21 0.16 6 0.21 0.16 
in Quiescent protonymphs 11 0.27 0.17 5 0.26 0.17 
: Quiescent male deutonymphs 10 0.30 0.18 5 0.30 0.18 
ith Quirscent female deutonymphs 6 0.38 0.23 6 0.37 0.23 
Adult males oe 0.33 0.18 13 0.33 0.18 
Adult females | 15 0.43 0.27 12 0.43 0.27 
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INFLUENCE OF PoPULATION DENSITY 
ON Size.—Extensive measurements were 
made of individuals at various stages of 
the population development, but no 
significant differences in length or width 
were found between mites raised under 
crowded conditions and those raised in 
sparsely populated areas. A summary of 
the measurements is given in table 3. 

INFLUENCE OF PopuLATION DENsITY 
on Sex Ratio.—It has been assumed in 
the past that when the population of 
mites is low, there is much less chance for 
a male locating a female. Consequently 
many females will produce males only in 
the following generation and thus the 
ratio of males to females increases. 
This may sometimes be the case in ex- 
tremely sparse populations, but all fe- 
males appeared to have been fertilized in 
the present work. Seventy-five females, 
picked at random from sparse populations, 
were isolated. Forty-two of these females 
were picked from squashes on which the 
population was so sparse that females 
were difficult to find. All produced females 
in the F, generation, thus indicating that 
fertilization had taken place. It is still 
possible that some of these females had 
not been fertilized immediately upon 
maturity, but instead some time later on 
after the first eggs had been laid but be- 
fore they were isolated for the experiment. 

Two colonies were allowed to run their 
full course and the sex ratio checked over 
the entire period. For the first 3 months 
the sex ratio remained fairly constant, 
then there was a slight rise in percentage 
of males during the final two months. 
The monthly average percentage of males, 
in chronological order of occurrence were: 
23.7, 23.2, 19.9, 31.0 and 29.9. It should 
be pointed out that the populations were 
so low during the last two months that 
the figures do not show a statistically 
significant change in sex ratio. 

INTERACTION OF PREDATORS AND 
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Host Densiry.—lIt is a general belief 


‘that concentrated populations of insects 


are more vulnerable to attacks by pred- 
ators and parasites than are scattered 
populations. If this principle holds true 
for spider mites, the question arises as to 
why certain species of mites tend to con- 
gregate in one area while nearly foliage 
is almost free from infestation. This can 
be at least partially explained by the mite 
webbing. Certain spider mites in concen- 
trated populations accumulate great 
masses of webbing and live in or under 
this canopy. The webbing was repeatedly 
observed to entangle and delay certain 
predators such as lace wing larvae. In 
addition the webbing acts as a protective 
device against disturbing factors such as 
wind, rain and spray particles. The pro- 
tection provided by the webbing may be 
great enough to compensate for much of 
the adverse effect due to crowding. As a 
comparison it can be noted that some re- 
lated mites, such as the European red 
mite, normally do not live in concentrated 
colonies, and in turn do not have the 
masses of webbing. 

SumMMARY.—Experiments using a spider 
mite, Tetranychus multisetis McG., raised 
on the fruit of banana squash show that 
dense populations resulted in a lower egg 
production per female and a higher per- 
centage of nonviable eggs, than occurred 
in a sparse population. The reduced num- 
ber of eggs per female was noted prior 
to the highest population peak, but the 
increase in nonviable eggs was not dis- 
cernible until after the peak was reached. 
There was also a definite mortality among 
the young mites due to crowding. In 
spite of these adverse effects resulting 
from dense populations and the fact that 
concentration in small areas makes a 
host more vulnerable to attacks by pred- 
ators, it is believed that the webbing 
affords enough protection to offset much 
of the harmful effect of crowding. 
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Laboratory and Field Tests with Vaporized Lindane 
Against Four Species of Roaches 


Steve Moore, III,! Cornell University and Harvey L. Sweetman, University of Massachusetts 


The roach control problem has been 
greatly alleviated with the advent of the 
new organic insecticides. A few years ago 
pyrethrum and sodium fluoride were 
widely used in roach control (Laudani & 
Sweetman 1942), whereas today chlor- 
dane and DDT appear most common 
(Kuitert & Kelsheimer 1950). At present 
chlordane dusts and sprays are the best 
means of controlling roaches in most situ- 
ations. The use of space aerosols, poison 
baits, traps and fumigation has also been 
superseded (anon. 1950), although in iso- 
lated cases they may be of value. 

The development of a new method of 
application, 7.e. continuous vaporization 
of minute amounts of insecticides, in- 
duced this research. Commercial vapor- 
izers? equipped with dependable tem- 
perature regulators were used (Moore & 
Sweetman 1951, Sweetman & Spear 1952, 
Spear & Sweetman 1952). A number of 
commercial devices for vaporization of 
insecticides are available, which do not 
permit adequate control of amounts dis- 
persed. Such vaporizers generally give off 
excessive amounts and are comparable 
to fumigating equipment. They are con- 
sidered too hazardous to use for continu- 
ous vaporization of toxic substances, 
where workers continue their normal ac- 
tivities. Devices suitable for continuous 
vaporization of insecticides should be 
equipped with reliable controls to permit 
evolution of insecticides as lindane in 
amounts of about one gram or less per 
15,000 cubic feet per 24 hours. 

MATERIALS AND Metuops.—These ex- 
periments were conducted in buildings at 
Amherst, Massachusetts. Four species of 
roaches, the american roach, Periplaneta 
americana L.; the australian roach, P. 
australasiae P.; the german roach, Bla- 
tella germanica L.; and the oriental roach, 
Blatta orientalis L., were involved in these 
tests. Both caged and free roaches were 
used. 

The laboratory roaches were reared on 
a food mixture of several cereals, pow- 
dered skim milk, and powdered yeast. 
The rearing chambers were 12 by 18 inch 
glass cylinders resting on slate slabs as 
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bottoms with glass plates as covers. 
Pieces of 10 by 15 inch cardboard folded 
to form a V, were placed in the chambers 
to serve as resting and hiding space for 
the roaches. Water and food were re- 
plenished at least twice weekly. The 
roaches were raised at a temperature of 
about 72° F. with the relative humidity 
ranging from 70 to 90 per cent (Tuma 
1942). 

For laboratory testing purposes 20 
roaches, 10 males and 10 females were 
placed in fabric cages (Spear 1951) with 
sufficient food and water. These cages 
were then placed in sets of three at vary- 
ing distances, 5, 7, 10, 25, 37, and 50 feet, 
from the vaporizer. Each set contained a 
cage of american, australian and german 
roaches. Lindane was applied from vapor- 
izers at dosages of from 1.6 to 3.5 grams 
per 20,000 cubic feet per day for periods 
of 14 to 27 days. The roaches were ob- 
served during the exposure and survivors 
for 2 weeks after the tests. A total of eight 
tests were conducted in this manner. 

Natural infestations of german and 
oriental roaches only were avaliable. Lin- 
dane was applied from vaporizers and as 
a spray from hand pressure sprayers. A 
2 per cent chlordane emulsion was applied 
as a spray for comparative purposes. Only 
selected surfaces were treated with the 
spray applications. 

The degree of infestation was deter- 
mined prior to treatment by averaging a 
series of 3 or 4 observational counts. At 
this time all noticeable harborages of the 
insects were examined. In order to obtain 
a more accurate measure of the popula- 
tion a trace of pyrethrum dust was used 
to stimulate the roaches to greater ac- 
tivity. 

Discusston.—In the laboratory tests 
the german, american and australian 
roaches varied in their susceptibility to 
vaporized lindane (‘Table 1). The german 
roach was the most susceptible while the 
australian raoch was the most resistant. 
American and australian females were 

1 Contribution from the Entomological Laboratory of the 


University of Massachusetts. 
2 Product of American Aerovap Inc., New York, New York. 
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Table 1.—The mortality of German, American 
and Australian roaches from vaporized lindane 
in laboratory tests. 








Per Cent Morta.ity 








SPECIES Female Male 
German roach 100.0 92.5 
American roach 53.7 91.2 
Australian roach 18.7 $2.5 





noticeably more resistant than the males 
to this treatment. 

The length of exposure had a decided 
effect on mortality (Table 2). The longer 
periods of exposure gave correspondingly 
higher kills. No apparent difference in the 
rate of mortality between the different 
dosages was evident. Similarly, the dis- 
tance of the cages from the vaporizer had 
no noticeable effect. Mortality from the 
treatments did not increase during the 14 
day period following exposure to the 
vapor. 

About 50 per cent of the german roach 
population was killed within the first 24 
hours after exposure to the lindane vapor. 
In six of the eight tests all german roaches 
were dead in 4 days, indicating a rela- 
tively high degree of susceptibility. 

The results with natural infestations 
(Table 3) show that chlordane spray was 
more effective than either lindane spray 
or vapor applications against german 
roaches. Two treatments with a 0.3 per 
cent lindane spray failed to eradicate a 





Vol. 45, No. 4 


Table 2.—The effect of length of exposure on 
mortality of German, American and Australian 
roaches in three laboratory tests with lindane 
vapor. 








Per Cent Mortatity 





14-Day 20-Day 7-Day 





SPECIES Exposure Exposure Exposure 
German roach 92.5 100.0 100.0 
American roach 72.5 57.5 87.5 
Austrlian roach 0.0 50.0 52.5 





mild infestation of german roaches in a 
private home. When a 2 per cent chlor- 
dane spray was applied the infestation 
was eradicated quickly. Vaporized lin- 
dane eradicated a mild infestation of ger- 
man roaches in a food storage building 
but failed to control a moderate infesta- 
tion in a well-ventilated dining hall base- 
ment. Several open windows and two 
large fans provided a high degree of venti- 
lation in this area of the basement. How- 
ever, only a small portion of the entire 
building was treated in the latter instance 
and roaches could move freely in and out 
of the treated area. A 2 per cent chlordane 
spray following the lindane application 
gave only fair control. This was the only 
instance in which chlordane failed to erad- 
icate the german roach. The effect of 
chlordane on oriental roaches was not 
tested because of the limited number of in- 
festations available. No apparent repel- 
lency to either species was observed with 
chlordane or lindane. 


Table 3.—Results of tests with lindane and chlordane against infestations of german and oriental 


roaches. 








Cusic Capacity Gas. LINDANE 


AND DEGREE OF 


Vapor. 20,000 Cu. Fr./Day 


Gms. or INSECTICIDE 


PER SPRAY APPLICATION RESULTS 





INFESTATION & Days ExposEep 

35,0004 2.69 14 -- = Eradication 
German-light 
8,916 1.44 56! _— _— Failed? 
German-medium — — Chlordane — Control 
6,881° — — Lindane 7.57 Control 
German-light — — Chlordane 56.76 Eradication 
5,279 ~~ — Lindane 6.06 Failed 
German-light — _ Lindane 6.06 Control 

— — Chlordane 42.57 Eradication 
14,4407 0.88 1823 — _ Eradication 
Oriental-medium 
15,828 2.23 131 — — Eradication 


Oriental-heavy 





1 First 39 days operating 14 hrs. per day; last 17 days, 24 hrs. per day. 
? Partial treatment of building; possible migration from other parts. 

3 Eradication in 51 days; treatment continued as preventive measure. 

4 Food Storage Building, 
5 Dining Hall Basement. 
6 Private Home. 

7 Store Basement. 
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The lindane vapor applications eradi- 
cated the oriental roach from two store 
basements. A decided advantage of 
this method over conventional methods 
(sprays and dusts) was exemplified in 
these tests. One basement divided into 
several rooms was virtually filled to ca- 
pacity with wooden and paper cartons of 
goods and it would have been very labo- 
rious and objectionable to apply a spray 
or dust under such conditions. It was 
necessary to move the vaporizer from 
room to room in order to get distribution 
of the vapor, since tightly constructed 
walls existed. 

It is quite possible that continuous va- 
porization of lindane would serve as an 
effective preventive measure against ger- 
man and oriental roach infestations. 

SUMMARY AND Conc iusions.—The ef- 
fectiveness of lindane vapor against the 
american, australian and german roaches 
under caged conditions was determined at 
distances up to 50 feet from the source of 
liberation of the vapor. Vaporization rates 
varied from 1.6 to 3.5 grams per 20,000 


cubic feet per day. The german roach was 
more susceptible than either the american 
or australian roach. Female american 
and australian roaches were noticeably 
more resistant than the males while there 
was no significant difference between the 
susceptibility of male and female german 
roaches to the concentrations of lindane 
vapor used. Deaths among the roaches 
gradually increased during the period of 
exposure, 27 days. All three species de- 
posited egg cases during the period of ex- 
posure. 

Since continuous vaporization of lin- 
dane at recommended rates of evapora- 
tion requires considerable time to over- 
come german and oriental roach infesta- 
tions, the value of vaporized lindane 
against these roaches lies in its use in con- 
junction with eradication and preventive 
treatments against other structural pests 
(Moore & Sweetman 1951, Toczydlowski 
& Moore 1951, Sweetman & Spear 
1952). Chlordane spray or dust treat- 
ments are recommended for quick eradi- 
cation of roaches. 
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Effects on Citrus of 2,4-D Used as an Amendment 
to Oil Sprays' 


Ws. S. Srewart,? L. A. Rrent, and L. C. Ertcxson,* University of California 
Citrus Experiment Station, Riverside 


During the past 25 years oil sprays 
have become the most widely used means 
of citrus pest control in California because 
they have, in general, been the most effi- 
cient insecticide available per unit cost. 
Late summer (August and September) 
has usually been the most favorable time 
for applying these sprays to orange and 
grapefruit trees. At this season navel 
orange trees do not yet bear mature 
fruit, and fruit of Valencia orange and 
grapefruit trees has largely been har- 
vested. Lemon trees are sprayed once or 
twice a year, as required for pest control, 
the usual times of application being spring 
and fall. It is desirable to harvest citrus 
fruit before oil is applied, because oil 
inhibits degreening (disappearance of 
green rind color). 

The work of Gray & deOng (1926), of 
deOng et al. (1927), and of Smith (1932) 
led to standards for minimum unsul- 
fonated residue and percentage of oil 
distilled at 636° F. for five classes or 
grades of foliage spray oils. This stand- 
ardizat’on cleared up some of the confu- 
sion regarding pest-control efficiency of 
various oils and resulted in reduced plant 
injury. Although compliance with ac- 
cepted practice for application of oil 
sprays has to some degree minimized un- 
favorable responses, increased leaf drop 
and fruit drop may occur. These are the 
most obvious reponses to oil sprays. The 
influence of these sprays on fruit yield 
is a more important response for consider- 
ation, however, since this factor integrates 
numerous tree responses: for example, 
leaf and fruit drop, stem dieback, fruit 
set, and fruit size. In addition, to assess 
the effects of a spray treatment, fruit 
quality must be considered. 

In 1925, prior to the standardization 
of spray oils in California, Smith (1932) 
noted reduction in the amount of bloom 
and the set of oranges on some oil-sprayed 
trees. However, he reported that this 
situation was greatly improved after the 
introduction of light, light-medium, and 
medium oil emulsions, and the adjustment 
of the timing of the apllications. Woglum 


(1930) concluded that there was “no 
outstanding or even great” difference in 
production between oil-sprayed orange 
trees and those fumigated with hydrogen 
cyanide. Although hundreds of acres of 
citrus were sprayed with oil commercially 
in Florida without damage and with 
excellent scale control, Ziegler (1939) pro- 
duced severe leaf and fruit drop through 
the experimental use of relatively high 
concentrations of the same oils. As a 
result of 5 years’ trials of oil sprays 
vs. fumigation on lemons in California, 
Newcomb (1947) observed that spraying 
twice a year, in late spring and in early 
fall, caused neither lowering of yield nor 
any marked loss of quality. 

Rohrbaugh (1941) observed that oil 
may fill the intercellular spaces in the leaf 
and stem tissue of citrus, and that por- 
tions of the oil remained in the leaves 
throughout their lifetime, often more than 
2 vears. 

Some of the undesirable effects on fruit 
quality reported to result from oil sprays 
are the following: (1) a reduced percentage 
of total soluble solids in the juice, (2) 
an increased percentage of granulation in 
Valencia oranges, (3) an increased sus- 
ceptibility of navel oranges to water spot, 
and (4) a delayed degreening in response 
to ethylene (Sinclair et al. 1941; Bartholo- 
mew & Sinclair 1944; Ebeling & Klotz 
1936; Ebeling et al. 1938; and Winston 
1931, 1943). 

Preliminary experiments (Stewart & 
Ebeling 1946) showed that the addition 
of 2,4-dichlorophenoxyacetic acid (2,4-D) 
to citrus oil sprays significantly reduced 
leaf and fruit drop. Cole & Heeley (1947 


1 Paper from University of California Citrus Experiment 
Station, Riverside, California. 
3 Now with the Pineapple Research Institute, Honolulu 2, 


3 The authors acknowledge with appreciation the contributions 
of laboratory technicians and assistants in this study, especially 
the outstanding work of H. Z. Hield and B. L. i Srannaman. 
They acknow om By also, the splendid cooperation of the County 
Agricultural Commissioners and their deputies, of citrus growers 
and pest control operators, and of the County Farm Advisors of 
the Agricultural Extension Service of the University of California 
College of Agriculture. Sincere thanks are expressed to Dr. E. 
Bartholomew, who graciously determined percentages of soluble 
solids in the juice in these studies, as well as to the numerous 
manufacturing companies who supplied oil and 2,4-D formula- 
tions for use in this work. 
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lave reported on the similar use of alpha 
naphthaleneacetic acid as an amendment 
to oil sprays for summer pest control on 
apples. They found that the addition of 
10 p.p.m. of alpha naphthaleneacetic 
acid “modified or prevented the shock 
due to the application of oil and thereby 
prevented leaf- and fruit-drop.” 

Results of further studies of effects of 
2,4-D when used as an amendment to 
oil sprays applied to citrus trees for pest 
control are reported here. These results 
are based on 63 replicated experiments 
conducted throughout the various citrus 
districts of California. 

MarTERIALS AND Merruops.—lIncluded 
in these trials were trees of Washington 
Navel orange, Valencia orange, grape- 
fruit, and lemon—varieties accounting for 
more than 95 per cent of the citrus acre- 
age in California. Within each variety, 
four series of experiments were set up, 
as follows: (1) the 1946 series, in latin- 
square design; (2) the 1947 series, in 
randomized block pattern (including one 
experiment with Mediterranean Sweet 
orange); (3) the 1948 series, to test the 
use of 2,4-D in oil sprays on a large (com- 
merical) scale, and to obtain packing- 
house grading of fruit quality and size; 
and (4) miscellaneous experiments (1947— 
1948) of various designs, including grow- 
ers’ test plots, in which the trees ranged 
in age from 7 to 50 years or more. 

In all experiments standard orchard 
spray equipment was used, operating at 
a pump pressure of 500 pounds per square 
inch, with No. 8 dises in the spray guns. 
Spray applications, when possible, fol- 
lowed irrigation, but were not undertaken 
if air temperatures were higher, or were 
predicted to be higher, than the maximum 
for safety of the trees.'_ A complete, 
drenching spray was applied. Unless other- 
wise noted, commercial weed-killing for- 
mulations of 2,4-D were used. Concen- 
trations of 2,4-D are given in terms of 
acid equivalent. 

For the 1946 and 1947 series of experi- 
ments, finished spray emulsions were 
prepared according to the tank-mix 
method (Smith 1932). Standard blood 
albumin spreader at the rate of 4 ounces 
per 100 gallons of finished spray mixture 
was dissolved in the tank in approximately 
100 gallons of water. With the agitator 
in motion and the pump operating under 
pressure, the specified amount of oil for 


STEWART ET AL.: O1L SPRAYS WITH 2,4-D on CitTRUS 659 


the spray mixture desired was put in the 
tank and the water required to bring the 
mixture up to volume was added. The 
2,4-D was then mixed into the emulsion. 

In the 1946 experiments, which were in 
a latin-square design employing one tree 
per plot, the following five treatments 
were used: 

(1) no oil spray and no 2,4-D (pest 
control, when required, was obtained by 
either hydrogen cyanide fumigation or a 
non-oil spray); 

(2) oil spray without 2,4-D; 

(3) oil spray plus 0.8 p.p.m. 2,4-D; 

(4) oil spray plus 4 p.p.m. 2,4-D; and 

(5) oil spray plus 8 p.p.m. 2,4-D. 

In these experiments the 2,4-D was added 
as either the di- or the triethanolamine 
salt. 

In the 1947 experiments, which were 
in a randomized block design employing 
four trees per plot in five replications, the 
following six treatments were used: 

(1) no oil spray; 

(2) oil spray without 2,4-D; 

(3) oil spray plus 8 p.p.m. 2,4-D as the 
ammonium salt; 

(4) oil spray plus 8 p.p.m. 2,4-D as the 
triethanolamine salt; 

(5) oil spray plus 0.8 p.p.m. 2,4-D as 
the isopropyl ester; and 

(6) oil spray plus 4 p.p.m. 2,4-D as the 
isopropy] ester. 

In 1948, when the trees of this (1947) 
series of experiments were sprayed again, 
commercial emulsive spray oils? were used 
and treatment 5 was changed from the 
relatively ineffective 0.8 p.p.m. to 8 p.p.m. 
2,4-D added as the isopropyl ester. The 
amount and form of 2,4-D used in the 
other treatments remained unchanged. 

The large-scale experiments of the 1948 
series were based on the use of a commer- 
cially prepared 1.75 per cent light-medium 
emulsive oil to which enough 2,4-D was 
added to produce a concentration of 4 
p.p.m. 2,4-D acid equivalent in the final 
spray emulsion. The 2,4-D used in this 
series was a technical grade of isopropyl 
2,4-dichlorophenoxyacetate without emul- 
sifier. A sufficient quantity of the ester 


1 The Agricultural Code of California, chapter la, section 
160.5, authorizes the county agricultural commissioners to set 
maximum temperatures for oil spray Sanaa in the various 
localities (usually between 85° and 95° F.). 

2 Emulsive and emulsion spray oil formulations were ob- 
tained from the following companies: Shell Oil Company, Tide 
Water Associated Oil Gone, California Spray-Chemical 


Corporation, Leffingwell Company, and Socony-Vacuum Oil 
Company. 
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Table 1.—Average fruit yield, fruit drop, and leaf drop per tree from citrus trees sprayed for pest 
control in late summer (August and September) with oil, without and with 2,4-D added; 1946-1947. 








O11 Spray 





NUMBER 


OF Without 
LocaTIONS 2,4-D 


VARIETY 


LS.D3 





With! MEAN 
2,4-D DIFFERENCE? 5 Per Cent 1 Per Cent 





Fruit Yield (in Field Boxes) 























Washington Navel orange 7 4.66 5.09 0.43* 0.39 0.58 
Valencia orange 6 4.04 4.33 0.29 — — 
Grapefruit 4 8.10 8.78 0.68T 0.07 0.13 
Lemon‘ 9 1.53 1.70 0.17 — — 
Fruits Dropped 
Washington Navel orange 14 122 59 63 39.96 55.73 
Valencia orange 4 77 80 3 a a 
Grapefruit 4 67 36 31 — —- 
Lemon 5 32 19 13* 9.82 16.28 
Leaves Dropped 
Washington Navel orange 5 219 116 103 7.65 12.69 
Valencia orange 5 258 168 90* 73.99 122.72 
Grapefruit + 182 136 46 — — 
Lemon 6 40 18 22* 22.04 36.56 





1 The 2,4-D added at 8 p.p.m., acid equivalent per total volume of finished spray mixture, except when added as the isopropyl 


ester, at 4 p.p.m., in 1947 experiments. 


2 * =significant at 5 per cent level; t =significant at 1 per cent level. 
3 Dash (—) signifies that mean difference was not statistically significant at 5 per cent level. 
4 Yields for two locations are averages for two consecutive years when the trees were sprayed annually; in other locations yield 


was determined for intervals up to 6 months after spraying. 


was diluted to 5 gallons with the emulsive 
oil, so that 1 pint of this preparation, 
added as part of the oil each time the 
spray mixture was prepared, gave the 
desired 4 p.p.m. of 2,4-D. 

In the miscellaneous series of experi- 
ments, various oil formulations, generally 
of commercial preparation, were applied. 

It should be pointed out that most of 
the non-oil-treated plots’ required some 
type of insecticide and were either fumi- 
gated with hydrogen cyanide or sprayed 
with a non-oil material, the treatment 
depending upon the pest. In all experi- 
mental plots economic control of the pests 
was attempted to minimize differences 
from insect infestation. 

All spray applications were made in 
late summer (August and September). 
In the 1946 series spray applications were 
also made in other complete latin-square 
plots in the same orchards in early winter 
(November and December), late winter 
(February), spring (April), and early 
summer (June). 

In all series of experiments leaf drop was 
determined by counting the number of 
mature leaves on the ground within a 
given area under the tree. The leaves 


were caught either in boxes or in nets. 
Within any one experiment leaf-drop 
counts were comparable, but between 
experiments they were not always so, 
because of differences in sampling areas. 
Counts of immature or young fruits 
dropped were made in the same manner as 
for leaf drop. All fruit on the ground under 
the tree immediately after spraying was 
removed, and fruit subsequently dropped 
was counted. In the two 1948 commercial- 
scale experiments on Washington Navel 
orange trees, the fruit was classified 
according to probable cause of drop. 

At harvest, production records were 
obtained as field boxes per tree. The fruits 
in partly filled field boxes were either 
counted or estimated to the nearest tenth 
of a box. As an indication of fruit size, 
the number of fruits per field box was 
determined. 

Errects oF LatTE-SUMMER APPLICA- 
TIONS OF O1L Sprays.—The results of 
the late-summer applications of oil sprays, 
without and with the addition of 2,4-D, 
in the 1946 and 1947 series of experiments 
are summarized in table 1. The data were 
obtained in various localities and show 
differences in fruit yield, fruit drop, and 
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leaf drop of the experimental trees of 
Washington Navel orange, Valencia 
orange, grapefruit, and lemon. 

For purposes of statistical analysis, 
cach location was considered a single 
replicate, and the data from the various 
locations were considered together and 
analyzed according to a randomized 
block design. In the 1946 series of experi- 
ments only the 8-p.p.m. 2,4-D concentra- 
tion was used in the comparison. In the 
1947 series, results obtained from the three 
forms of 2,4-D that were added to the 
oil, namely, the ammonium salt, the 
triethanolamine salt, and the isopropyl 
ester, were averaged together for each 
locality. In these experiments the two 
salts were added at 8 p.p.m., and the ester 
was added at 4 p.p.m. When the trees 
were resprayed in 1948, the treatment 
schedule was revised to include treatment 
with the ester at 8 p.p.m., for purposes of 
direct comparison with the salts. In locali- 
ties where the applications had been 
repeated annually for two or three years, 
the yearly results were averaged to pro- 
vide a single value for the effect of oil 
containing 2,4-D in that locality. 

Fruit Yield—The addition of 2,4-D to 
oil sprays applied to Washington Navel 
orange and grapefruit trees increased the 
yields significantly by reducing drop of 
mature fruit (Table 1). Increases in yields 
of Valencia orange and lemon trees were 
not significant. 

No significant differences in yields of 
Valencia oranges followed the second or 
third annual applications of 8 p.p.m. 
2,4-D in oil-spray mixtures. It is impor- 
tant to note that 2,4-D apparently had 
no cumulative detrimental effect on yield. 

The effectiveness of the three forms of 
2,4-D for increasing yield when added to 
the oil-spray mixture was evaluated by 
comparing data from trees of the 1947 
series of experiments, resprayed in 1948. 
Each orchard was used as a replicate 
without distinction as to whether the 
trees were navel orange, Valencia orange, 
or grapefruit. From trees sprayed with 
oil alone, the mean yeild in field boxes 
per tree was 5.09. From trees sprayed 
with oil containing 2,4-D as the isopropyl 
ester, the mean yield at 4 p.p.m. was 5.75 
boxes and at 8 p.p.m., 6.08; with 2,4-D 
as the ammonium salt, it was 5.49, and 
as the triethanolamine salt, 5.90 (L.S.D. 
at 5 per cent, 0.61; and at 1 per cent, 
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0.83). The oil-spray mixture containing 
2,4-D as the ammonium salt was the only 
one that failed to effect a significant in- 
crease in yield. The yield for the mixture 
containing 8 p.p.m. 2,4-D as the triethanol- 
amine salt was between those for the 
mixtures containing 2,4-D as the iso- 
propyl ester at 4 p.p.m. and at 8 p.p.m. 

Fruit Size—Oil sprays containing 2,4-D 
did not significantly increase fruit size, 
in comparison with non-2,4-D sprays. 

Fruit Drop.—Fruit drop was signifi- 
cantly less from Washington Navel orange 
and lemon trees sprayed with oil con- 
taining 2,4-D than from those sprayed 
with oil alone. Grapefruit, however, failed 
to show a corresponding statistically sig- 
nificant reduction in fruit drop. This may 
have been due to the limited number of 
locations in which experiments with grape- 
fruit were conducted, since the reductions 
in three of the four locations were signi- 
ficant when the response in each location 
was analyzed separately. 

Valencia orange trees likewise failed 
to show a reduction in fruit drop, except 
when the spray was applied on trees bear- 
ing mature fruit—a practice which is 
avoided except for emergency pest con- 
trol. The failure of 2,4-D, when applied 
to Valencia orange trees in an oil spray 
in the late summer, to reduce mature 
fruit drop 12 to 14 months later may have 
been due to the long interval between 
application and fruit drop. 

Leaf Drop.—Inclusion of 2,4-D in the 
oil spray significantly reduced leaf drop 
from navel orange, Valencia orange, and 
lemon trees, compared with that from 
trees sprayed with oil alone (Table 1). 
The reduction in leaf drop of grapefruit 
trees was not significant. An example of 
the leaf drop observed in one experiment 
following oil sprays without and with 
2,4-D is shown in figure 1. 

In one of the experiments of the miscel- 
laneous series with lemon trees, it was 
found that the addition of 8.5 p.p.m. 
2,4,5-trichlorophenoxyacetic acid (2,4,5- 
T) to a 1.67 per cent light-medium 
emulsive oil spray significantly (at 1 per 
cent level) reduced leaf drop from 193 
leaves per tree, from trees similarly 
sprayed but without 2,4,5-T, to 110 
leaves. The comparative effectiveness of 
2,4,5-T and 2,4-D when applied in oil 
sprays is not known, but when applied in 
a water spray 2,4,5-T was more effective 
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Table 2.—-Fruit drop per tree of Washington Navel oranges sprayed with oil August 17, 1948, with- 
out and with 4 p.p.m. 2,4-D added as the isopropy] ester. 








Date or Count 


1-27-49 





4-19-49 5-5-49 





2-15-49 3-15-49 








Oil-Sprayed 
Without 2,4-D 


Trees Counted With 2,4-D 





15 6 12 12 12 
18 9 17 16 16 










Fruit Classification 








Cumulative Fruit Drop 








Without 2,4-D 
With 2,4-D 
Without 2,4-D 
With 2,4-D 


Sound 


Mechanical 


Black rot Without 2,4-D 
With 2,4-D 
Brown rot Without 2,4-D 
With 2,4-D 
Frozen Without 2,4-D 
With 2,4-D 
Orangeworm Without 2,4-D 
With 2,4-D 
Split Without 2,4-D 
With 2,4-D 
Unknown Without 2,4-D 
With 2,4-D 
Water spot! Without 2,4-D 


With 2,4-D 


11.2 16.9 23.3 28.0 28.8 
1.2 1.3 2.5 3.7 4.3 
7.3 8.8 10.1 10.5 10.8 
7.2 11.8 13.7 14.5 14.7 
7.3 9.1 18.0 25.9 29.0 
4.3 6.2 12.9 18.5 22.2 
1.5 3.2 6.5 8.3 9.1 
0.9 2.1 7.9 10.4 11.9 

10.7 18.3 43.3 54.5 57.9 
1.2 7.2 30.8 50.0 55.6 
0.2 0.2 0.3 0.4 0.4 
0.2 0.3 0.5 0.9 0.9 
3.4 5.2 7.4 8.3 9.2 
2.9 4.7 8.5 10.3 11.2 
0.4 0.6 6.5 9.8 10.3 
0.5 0.5 5.9 9.3 10.2 
— 1.3 11.0 23.9 29.9 
— 0.8 7.8 17.9 21.8 


















Without 2,4-D 
With 2,4-D 


Total 





es 


6 126.4 169.6 185. 
9 90.5 135.5 152. 


m= 
ie 2) 


6 
1 3 












Periodic Fruit Drop 












Without 2,4-D 
With 2,4-D 


Culls? 


30.8 15.9 56.4 38.5 15. 





i a) 


17.2 16.4 54.4 43.8 16. 








1 Classification added after first count. 
2 All dropped fruits except those classed as sound. 


than 2,4-D in delaying abscission of lemon 
fruit and leaves and increasing fruit size 
(Stewart & Hield 1950; Erickson, unpub- 
lished). In addition, 2,4,5-T was more 
effective than 2,4-D in increasing storage 
life of lemons (Stewart 1949). For these 
reasons, further investigation of 2,4,5-T 
as an amendment for oil sprays seems to 
be warranted. 

Commercial-Scale Experiment.—Results 
from one of the Washington Navel orange 
orchards used in the commercial-scale 
experiments in 1948 are presented in 
detail. This grove, which is located in 
Riverside and consists of 33 rows of 31 
trees each, was divided into 3-row plots. 
On August 17, 1948, alternating plots 
were sprayed with oil alone and with oil 
containing 4 p.p.m. 2,4-D as the isopropyl! 
ester. 

To determine the value of following the 
oil sprays with a secondary preharvest 
2,4-D water spray, the third tree in every 
row was given a drenching water spray 
containing 8 p.p.m. 2,4-D on January 19, 











1949. The dropped fruit under these 
trees and under the fifth tree in every 
row was removed immediately after 
spraying. The fifth tree was not sprayed 
with 2,4-D, but served for comparison 
with the third tree. At this time the 
average number of fruits per tree on the 
ground under the trees sprayed in August 
with oil alone, was 45.7, whereas the aver- 
age number of fruits under the trees 
sprayed with oil containing 2,4-D was 
only 20. The force of the spray caused 
an average drop of 7 fruits per tree from 
the group sprayed in August with oil 
alone, compared with 3 fruits per tree 
from the group sprayed with oil plus 
24-D. : 

On January 27, 1949, the fruit on the 
ground underneath the seventh tree in 
each row was classified according to the 
probable cause for dropping. Where neces- 
sary, the fruits were cut open to determine 
such causes as black rot and frost injury. 
Fruits having no visible external or in- 
ternal defects, and determined to be edi- 
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Fic. 1.—Drop of mature leaves from Valencia or- 

ange trees (Highgrove, California) sprayed August 

12, 1946, without and with various concentrations of 

2,4-D in 1.67 per cent light-medium tank-mix oil. 

Each point on the curves represents the average 
count for five trees. 


ble by taste test, were classified as market- 
able or “‘sound.”’ Those having the button 
attached and showing evidence of having 
been broken off by wind or orchard equip- 
ment were listed as “mechanical.” The 
terms “black rot” or “brown rot” were 
usually assigned to fruits showing those 
characteristics. It was not possible to 
determine whether brown rot preceded 
abscission. Larvae of “‘orangeworm” 
(probably orange tortrix) were recognized 
as a cause of fruit drop when the rind 
had evidently been penetrated by a larva, 
although fungus infection following the 
insect injury seemed to be the more 
direct cause of abscission. Similarly, 
“split” fruits were usually invaded by 
microorganisms that seemingly hastened 
abscission. Although “water spot” is not 
of normal occurrence in the Riverside 
area, typical necrotic areas developed in 
the rind after the cold, wet weather of 
January, 1949. Dropped fruits too badly 
decayed to permit classification were 
listed as “unknown.” 

Cumulative fruit drop per tree during 
the harvest season is shown in table 2. 
From trees sprayed in August with oil 
alone, the drop of sound fruit was 28.8 
fruits per tree, and from those sprayed 
with oil containing 4 p.p.m. isopropyl 
ester of 2,4-D, it was 4.2. On the basis 
of total fruit drop for the season, this 
amounted to 15.5 per cent and 2.8 per 
cent, respectively. If all dropped fruits 
except those classified as “sound”? were 


OROP OF SOUND FRUIT PER TREE 
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Fic. 2.—Fruit drop from Washington Navel orange 
trees given various spray treatments. The designa- 
tion “Aug.” indicates that the trees represented by 
the specified curve were sprayed in August, 1948, 
with 4 p.p.m. 2,4-D as the isopropyl ester in 1.75 per 
cent light-medium emulsive oil. “Jan.” and “Feb.” 
indicate that the trees represented were given water 
sprays of 8 p.p.m. 2,4-D as the isopropyl ester in 
those months. “‘Check”’ trees received no 2,4-D, but 
were sprayed in August with oil spray alone. 


considered as “culls,” the trees sprayed 
with oil containing .2,4-D dropped 17.2 
culls per tree up to January 27, 1949 
(about three weeks after the freeze), 
whereas trees sprayed with oil alonge 
dropped 30.8. At subsequent counts, 
however, it was found that the trees 
sprayed with oil containing 2,4-D dropped 
more cull fruits than those sprayed with 
oil alone, except for the interval from 
February 15 to March 15, 1949; so that 
by May 5, 1949, the total amounts of 
culls dropped per tree were 156.6 and 
148.5, respectively, from the trees sprayed 
with oil, without and with 2,4-D. 

During the middle of February, 1949, 
all the trees in the north 18 rows of the 
orchard were sprayed with a water solu- 
tion containing 8 p.p.m. 2,4-D and the 
usual zine foliage spray. The purpose of 
this treatment was to allow a late harvest, 
May 5, 1949, without the usual fruit drop. 
The trees in the south 15 rows were har- 
vested on March 3, 1949, with the ex- 
ception of the third, fifth, and seventh 
trees in each row. It was thus possible 
for fruit-drop counts to continue until 
May 5 for all the various spray combina- 
tions. The results of these counts are pre- 
sented in figure 2. From these data it may 
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be seen that 4 p.p.m. 2,4-D applied in the 
oil spray in August, 1948, was very effec- 
tive in reducing the drop of sound navel 
oranges as late as May 5, 1949. 

A water spray of 8 p.p.m. 2,4-D ap- 
plied in February, 1949, on trees sprayed 
in August, 1948, with oil containing 
2,4-D, reduced fruit drop from 140.3 
to 114.7 fruits per tree. However, of the 
25.6 additional fruits dropped from the 
trees sprayed in August but not resprayed 
in February, 24.1 were culls. Respraying 
in February thus resulted in a saving of 
only 1.5 sound fruits per tree. When 2,4-D 
was not included in the oil spray, a Feb- 
ruary water spray of 8 p.p.m. 2,4-D re- 
duced drop by 9.6 sound fruits per tree, 
as compared with nonsprayed trees. 

Data on fruit production, size, and 
quality were obtained from the packing 
house. In comparison with fruit from trees 
sprayed with oil alone, the total amount 
of fruit in every quality grade (first grade, 
second grade, juice, and culls) was in- 
creased at both harvests as a result of the 
addition of 2,4-D to the oil spray. The 
increase in first-grade, second-grade, juice, 
and cull fruits per 100 trees amounted to 
20.5, 6.2, 3.2, and 2.7 boxes, respectively, 
at the first harvest, and to 23.4, 0.6, 
35.2, and 4.0 boxes, respectively, at the 
second harvest. 

There were no consistent differences in 
sizes of fruits from trees sprayed with oil 
alone or with oil containing 2,4-D. 

Leaf Curling.—As_ reported earlier 
(Stewart & Ebeling 1946), an oil spray 
containing 4 p.p.m. or more of 2,4-D ap- 
plied on trees with “‘soft,”’ young, rapidly 
expanding leaves and stems generally in- 
duced leaf curling and often caused stem 
distortion. Subsequent cycles of foliage 
growth were normal, except for an occa- 
sional twig showing slight leaf modifica- 
tions on one flush of growth. The leaf 
curling was minimized or eliminated by 
spraying between growth flushes when the 
least new growth was present. In no case 
was leaf curling found to lower fruit pro- 
duction or quality. It should be con- 
sidered, however, that new leaves prob- 
ably constitute a much greater propor- 
tion of the total foliage on very young 
trees than on older trees. Accordingly, if 
leaf curling induced by 2,4-D on new 
leaves reduced their efficiency, the effect 
would be more significant on young trees 
than on old ones. For this reason, it was 
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considered inadvisable to apply 2,4-D in 
oil on very young trees. 

Application of an oil spray containing 
4 p.p.m. or more of 2,4-D on young leaves 
of lemon trees usually induced leaf curling 
and distortion similar to that described 
for young leaves of orange and grapefruit 
trees. In addition, lemons quite commonly 
produce vigorous, rapidly growing whips 
or sucker shoots. These are very sensitive 
to 2,4-D and may be killed at the tip 
by the application of 2,4-D in oil. Subse- 
quent to the killing, however, these shoots 
have been observed to produce short 
lateral fruiting branches. In orchard 
practice the tips of these suckers are often 
cut off to accomplish the same purpose. 

Oil-Treated vs. Non-Oil-Treated Trees. 
—The 1946 and 1947 series of experiments 
included a treatment without oil. In 
table 3 fruit yield, fruit size, fruit drop, 


Table 3.—Average fruit yield, fruit size, 
fruit drop, and leaf drop of citrus trees not oil- 
treated or sprayed with oil for pest control; 
1946-1947. 








Non- Mean 
Ouw- _Ou- Dirrer- 
TREATED SPRAYED ENCE 


NUMBER 
d or Loca- 
VARIETY TIONS 


Fruit Yield (Field Boxes/Tree) 





























Washington Navalorange 4 4.47 4.44 0.03 
Valencia orange 5 4.41 3.89 0.52 
Grapefruit 3 6.93 7.27 0.34 
mon 2 1.43 1.53 0.10 
Fruit Size (Fruit/Field Box) 
Washington Navalorange 4 170 166 4 
Valencia orange 4 234 233 1 
Grapefruit 3 68 67 1 
Lemon 2 247 239 12 
Fruit Drop/Tree 
Washington Navalorange 4 48 47 1 
Valencia orange 5 73 86 13 
Grapefruit 2 100 120 20 
Lemon 2 77 104 27 
Leaf Drop/Tree 
Washington Navelorange 4 135 170 35 
Valencia orange 5 113 258 145! 
Grapefruit 3 50 74 24 
Lemon + 47 72 25! 





1 =significant at 5 per cent level. (If leaf counts in the two 
locations where tank-mix oil spray was applied on these trees are 
omitted, however, data show no significant different between 
drop of non-oil-treated and oil-sprayed trees.) 


and leaf drop of non-oil-treated trees are 
compared with those of trees sprayed with 
oil (without 2,4-D). No significant differ- 
ences were observed for yield, fruit size, 
or fruit drop of Washington Navel orange, 
Valencia orange, grapefruit, or Jemon 
trees. Leaf drop from Valencia orange and 
lemon trees was significantly greater from 
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Table 4.—Effect of various spray treatments! on percentage of soluble solids in juice of citrus fruits 
from trees sprayed for pest control. 



































ig 

eS AVERAGE 

ig NUMBER SOLUBLE _ LSD 

“d OF Sonrps Mean 

it TREATMENT OF TREES Locations iNJuicE Dirrerence* 5 PerCent 1 Per Cent 

ly Washington Navel Oranges 

gt ge 

DS — 

ae Not-oil-treated 4 12.48% . 

re Oil Sprayed ; ts an 0.80 0.66 1.21 

ip Oil-sprayed without 2,4-D 4 11.68 0.43 fs = 

e- Oil-sprayed with 2,4-D 4 12.11 q 

ts 

rt Valencia Oranges 

‘d Not oil-treated 2 13.30 0.18 em re) 

n Oil-sprayed 2 13.12 F 

e, Oil-sprayed without 2,4-D 2 13.12 0.26 hee =. 

2. Oil-sprayed with 2,4-D 2 13.38 ‘ 

ts Grapefruits 

in 

D, Not oil-treated 2 10.20 0.48 3 ae 

Oil-sprayed 2 9.77 ; 
Oil-sprayed without 2,4-D 3 9.73 * 

e, Oil-sprayed with 2,4-D 3 9.95 0.22 0.12 0.29 

1- 

1 ; 1 The 2,4-D added at 4 p.p.m. as the isopropy!] ester, or at 8 p.p.m. as the diethanolamine salt, acid equivalent per total volume o 
finished spray mixture. 

a 2 * =significant at 5 per cent level. 

my * Dash (—) indicates that mean difference was not significant at 5 per cent level. 

R- 

“ig the trees sprayed with oil than from the — treated with oil spray to which 2,4-D was 
non-oil-sprayed trees. If, however, the not added. The differences between the 
figures are recalculated, omitting those means for similar comparisons for both 
locations where tank-mix oil spray was varieties of oranges were not significant. 

= applied, no significant differences are This may indicate either no real effect 
found, since the tank-mix oil spray in- of 2,4-D as a means of alleviating the 
duced greater leaf drop than the com-_ decrease in the percentage of total soluble 
mercially prepared emulsive spray-oil solids of oranges sprayed with oil for pest 

— formulations. There were no significant control, or inadequate sampling. However, 
differences in leaf drop from oil-treated _ since the use of 2,4-D a an amendment for 
Washington Navel orange and grapefruit. oil sprays was observed to have some in- 
and trees not so treated. fluence on the percentage of total soluble 

: Fruit Quality—In the course of the solids in oranges, further investigation 
late-summer oil-spray experiments, deter- may be warranted. 
minations of fruit quality were made. The No significant differences between treat- 
data on percentages of total soluble soilds ments were found in comparisons of per- 

* of the juice are summarized in table 4. centages of total acids of the fruits. Per- 

. These results indicate that the percentage centages of juice, rind, and rag' showed no 

re of total soluble solids of the juice was significant differences in fruit of oranges 

| significantly lower in navel oranges from or grapefruit from non-oil-sprayed trees 
trees sprayed with oil (tank-mix method) or from trees sprayed with oil with or 

* for pest control than from trees not oil- without 2,4-D, regardless of the season 

‘ treated. However, the differences between of application. 

: the means for similar comparisons made In these experiments application of 

‘ for Valencia oranges and for grapefruit 2,4-D-oil sprays during the spray season 

‘ were not significant. The juice of grape- had no significant effect on the time of 

. fruit from trees treated with oil-spray disappearance of the green rind color of 

inixtures containing 2,4-D had a signifi- 


cantly higher percentage of total soluble 
solids than that of grapefruit from trees 


‘ Rag, or pulp, as determined here, was the material which 
failed to pass through the vibrating screen of an electrical juice 
extractor. 
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oranges and grapefruit, or on the develop- 
ment of water spot of the rind of navel 
oranges. 

In July, 1948, Stewart & Riehl sug- 
gested the commercial use of 2,4-D as an 
amendment to oil sprays used for citrus 
pest control. Directions were given for use 
of the ester form of 2,4-D with emulsive- 
type spray oils and of the salt form with 
emulsion-type spray oils. In practice, 
however, the form of 2,4-D used has made 
no appreciable differences in the oil- 
depositing characteristics of spray emul- 
sions prepared with either emulsion or 
emulsive oils. Further experience will 
probably indicate that the esters of 2,4-D 
are preferable to the salts for addition to 
all oil sprays, since the esters are oil- 
soluble and presumably will penetrate 
the tissue along with the oil. The 2,4-D 
esters are also more volatile than the salts 
and hence probably do not remain for as 
long periods on the leaf surface, later to 
penetrate and induce distortion of new 
growth. No data on the relative leaf-curl- 
ing effect of salts and esters of 2,4-D 
have been obtained. 

Effects of Oil-Spray Applications at 
Other Seasons.—To determine whether the 
inclusion of 2,4-D in the oil spray might 
reduce the unfavorable effects of oil sprays 
applied at other seasons than late summer, 
experiments were established at intervals 
throughout 1946. The same design, same 
treatments, and the same groves were used 
as were employed in the 1946 series of 
latin-square experiments _ described 
above, but in addition to the usual late- 
summer oil spray, applications were made 
in the early winter (November or De- 
cember), late winter (February), spring 
(April), and early summer (June). At 
each of these seasons a separate group of 
trees within the grove was sprayed. 

Except in late summer (the conven- 
tional spray period) or in the spring 
(April), applications of spray oil without 
or with 2,4-D did not influence the yield 
of oranges. Oil treatments applied to 
orange trees in the spring caused reduc- 
tions in yield in comparison with that of 
non-oil-treated trees, and in three cases 
out of five these reductions were signifi- 
cant. When 2,4-D was added to the oil 
spray, the yield was reduced significantly, 
in comparison with that of non-oil-treated 
trees, in five out of five cases, and in com- 
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parison with trees sprayed with oil alone, 
in two out of five cases. Yield data were 
not obtained for grapefruit. 

Spring and summer applications of 
2,4-D-oil sprays significantly increased 
the fruit size of Valencia oranges in an 
experiment at Irvine, but failed to do so 
in another test at Highgrove. The spring 
application of 2,4-D-oil spray on Wash- 
ington Navel orange trees also resulted in 
a significant increase in fruit size. At no 
other season was a significant increase in 
fruit size noted in response to application 
of oil containing 2,4-D. Fruit-size data 
were not obtained for grapefruit. 

Drop of mature fruit was generally 
less from trees sprayed with oil contain- 
ing 2,4-D than from those sprayed with 
oil alone. However, the differences were 
statistically significant in only two of the 
applications. Washington Navel oranges 
and grapefruit showed the greatest re- 
duction in mature fruit drop in response 
to the 2,4-D, and Valencia oranges showed 
the least. 

Leaf drop was usually less from the 
tres sprayed with oil containing 2,4-D 
than from those sprayed with oil alone. 
The significance of these differences was 
not determined. 

MIscELLANEOUS EXPERIMENTS WITH 
Or Sprays oN Trees Beartina Ma- 
TURE Fruir.—Although it is not usual 
practice to apply an oil spray to trees 
bearing fully colored mature fruit, it is 
sometimes more desirable to make such 
an application than to allow the continued 
insect pest damage that would otherwise 
occur. In 1947, and again in 1948, to con- 
trol black scale Saissetia oleae (Bern.), in 
the Garden Grove district, it was neces- 
sary to apply oil sprays to Valencia orange 
trees bearing mature fruit. To compare 
results without and with the addition of 
4 or 8 p.p.m. 2,4-D to these oil sprays, 
seven “miscellaneous” experiments were 
performed. Six of these were in the Garden 
Grove district, and the seventh was in the 
San Juan Capistrano district. It was found 
that the addition of 2,4-D significantly 
(at the 5 per cent level) reduced fruit 
drop from 122 to 75 fruits per tree. 

To determine whether a significant re- 
duction of fruit drop would result if an 
oil spray without 2,4-D was applied to 
trees previously sprayed with a 2,4-D 
water spray, two additional experiments 
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were made in a grove near San Juan Capi- 
strano. All trees were bearing mature 
fruit when the oil spray was applied. 

In the first experiment, fruit-drop 
counts during the interval from June 6, 
1947, when the trees were sprayed, to 
November 5, 1947, indicated that the 
2,4-D water spray significantly reduced 
fruit drop on two counting dates before 
the oil application on September 19. After 
application of the oil spray, there was no 
evidence of reductions in fruit drop asso- 
ciated with 2,4-D. 

In the second experiment, it was found 
that the trees sprayed with the water 
solution containing 8 p.p.m. 2,4-D as the 
isopropyl ester and then, a week later, 
sprayed with oil, showed a 38 per cent 
reduction in fruit drop, compared with 
trees similarly sprayed but without 2,4-D. 
This reduction was significant at the 5 
per cent level. The same concentration of 
2,4-D in an oil spray would be expected 
to give a greater reduction when applied 
over mature fruit. 

Results of these two experiments in- 
dicate that to obtain the maximum effect 
of 2,4-D in counteracting fruit drop re- 
sulting from the use of oil sprays, it is 
desirable to add the 2,4-D directly to the 
oil spray. 

MEDITERRANEAN SWEET ORANGE 
EXPERIMENT.—Fruit from a 40-year-old 
grove of Mediterranean Sweet orange 
trees near Bryn Mawr, California, is 
generally picked in May, near the end of 
the navel-harvesting season and at the 
beginning of the Valencia season. To study 
the effects of adding 2,4-D to oil spray 
applied on Mediterranean Sweet orange, 
the trees in this grove were sprayed on 
October 31, 1947. A randomized block 
design was used with one tree per treat- 
ment and four replications. A spray of 
1.8 per cent light-medium emulsive oil 
was used alone or with 8 p.p.m. 2,4-D 
added as the ammonium salt, diethanol- 
amine salt, isoprophyl ester, or butyl 
ester (technical grade). Fruits dropped per 
tree after applications of these materials 
(counted on May 4, 1948) were, respec- 
tively, 238.2, 83.5, 89.7, 58.8, and 35.2. 
(L.S.D. at 5 per cent, 34.1; and at 1 per 
cent, 47.2). As previously found for 
oranges and grapefruit, the esters were 
more effective in reducing fruit drop than 
either of the salts. 
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SUMMARY AND CoNcLUsIoNs.—From 
1946 through 1949, 63 replicated field 
experiments were conducted in repre- 
sentative citrus-growing districts of Cali- 
fornia to determine the various effects of 
2,4-D added at concentrations of 0.8 to 
8.0 p.p.m. to oil sprays used for citrus 
pest control. The trees varied in age from 
7 to an estimated 50 years or more, and 
included Washington Navel orange, 
Valencia orange, grapefruit, and lemon. 
The finished spray mixtures were pre- 
pared by the tank-mix method or by the 
use of emulsive or emulsion oil formula- 
tions. In most experiments 2,4-D in 
various forms was added as it is formu- 
lated for weed-killing sprays. A number 
of the plots were sprayed once annually 
for 2 successive years; a few of them were 
sprayed once annually for 3 years. 

It was found that addition of 4 or 8 
p.p.m. 2,4-D to the oil spray mixture: 
(1) increased the fruit yield of navel 
orange trees and grapefruit trees; (2) 
reduced the drop of mature fruit from 
navel orange trees and lemon trees; (3) 
was more effective in reducing the drop of 
“sound” navel oranges than of “culls”; 
(4) reduced the drop of immature fruit 
from navel orange trees; (5) reduced leaf 
drop from navel orange, Valencia orange, 
and lemon trees; (6) increased the per- 
centage of total soluble solids in the juice 
of grapefruit, over that of grapefruit 
sprayed with oil alone; (7) induced a 
deformation and curling of any young 
leaves, which did not, however, lower 
fruit yield or quality; (8) did not affect 
yield from Valencia orange trees when 
applied annually at 8 p.p.m. for 3 succes- 
sive years. 

In comparison with non-oil-treated 
trees, no significant differences due to 
applications of oil sprays were observed 
for yield, fruit size, fruit drop, or leaf 
drop from navel orange, Valencia orange, 
grapefruit or lemon trees sprayed in late 
summer with emulsive or emulsion oil 
formulations. However, when oil sprays 
preparee by the tank-mix method were 
used, significant increases in leaf drop 
were found for both Valencia orange and 
lemon trees. A significant reduction in the 
percentage of total soluble solids was 
found in the juice of fruit from navel 
orange trees sprayed with oil applied as 
tank mix. 
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Application of 2,4-D oil spray at other 
seasons than the customary late-summer 
spray period reduced fruit and leaf drop. 
Fruit yields were reduced as a result of 
spring applications of oil spray mixtures 
without or with 2,4-D, but this effect 
was not observed at other seasons. 

A 2,4-D water spray applied a week or 
more prior to an oil spray was ineffective 
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To obtain maximum effectiveness in 
counteracting fruit drop resulting from 
the use of oil sprays it is therefore appar- 
ently desirable to add the 2,4-D directly 
to the oil spray. 

In one experiment with Mediterranean 
Sweet orange trees, it was found that 
application of oil containing 8 p.p.m. 
2,4-D reduced mature fruit drop six 


months later, in comparison with fruit 


in reducing fruit drop caused by oil spray 
drop from trees sprayed with oil alone. 


applied on trees bearing mature fruit. 
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Tree Trunk Application as a Possible Method of 
Using Systemic Insecticides on Citrus! 


L. R. Jeppson, M. J. Jesser, and J. O. Compiin, University of California Citrus 
Experiment Station, Riverside 


F Since the discovery by Schrader (1947) 
that certain phosphate materials toxic to 
insects are translocated in plants, con- 
siderable interest has developed in these 
systemic insecticides. Ripper et al. (1949, 
1951) in England, and Wallace (1951) and 
Ivy et al. (1950) in the United States have 
shown that both soil and foliage applica- 
tions of octamethyl pyrophosphoramide 
are highly effective in controlling certain 
insects and mites on annual crops. Under 
experimental conditions, Metcalf & Carl- 
son (1950) found that applications of 
these systemic insecticides to the soil 
resulted in a high mortality of mites on 
the follage of citrus trees. 

These systemic insecticides offer two 
outstanding possibilities for improving 
pest control on citrus. First, insecticide 
distribution in the plant may eliminate 
the necessity for the slow and expensive 
methods required to obtain complete 
spray coverage of leaves and fruit. Sec- 
ondly, application may be made in such 
a way that the toxic materials are trans- 
located to the injurious insects or mites. 
Under the latter conditions it is not likely 
that natural enemies of these pests would 
be contacted by either the spray or its 
residue. 

Boyce (1950), DeBach (1951), and 
others have discussed the importance of 
natural enemies in the control of citrus 
pests. When systemic insecticides that 
are toxic to insects and mites are applied 
to leaves and fruit, they appear to influ- 
ence the populations of natural enemies 
adversely. Applications on tree trunks 
may make it possible to use these insecti- 
cides without injury to the beneficial 
insects which are so often killed by conven- 
tional treatments of non-seclective in- 
secticides. 

The direct application of an insecticide 
to the trunks of citrus trees has these 
advantages: it does not require the use 
of heavy equipment, which is often un- 
desirable in citrus groves; and local infesta- 
tions, which are often the foci for general 
pest populations, can be readily treated. 
Techniques for applying systemic in- 


secticides to tree trunks, and initial re- 
sults for control of mites injurious to 
citrus, are herein reported. 

MATERIALS AND Mernops.—Schradan 
(octamethyl pyrophosphoramide)’? and a 
commercial compound, Systox, princi- 
pally the diethoxythiophosphoric acid es- 
ter of 2-ethyl mercaptoethanol,’ were ap- 
plied to citrus trees in the following three 
ways: (1) a saturated cotton or flannel 
band was wrapped around the trunk, (2) 
the insecticide was painted on the trunk, 
or (3) concentrate formulations were 
sprayed on the trunk and bases on pri- 
mary limbs. 

The bands used in these tests were made 
of flannel cloth or of 0.5-inch-thick absorb- 
ent cotton. These bands were of differ- 
ent widths and were sufficiently long to 
encircle the trunk. Pliofilm strips 3 inches 
wider thanthe bandswere placed over them 
to reduce evaporation of the insecticide, 
and string wrapped around the tree trunk 
served to hold the bands in position. 

Applications made with a paint brush 
were a formulation containing 50 per cent 
active ingredients, or a dilution of this 
concentrate with triethanolamine. For ap- 
plication as a spray to the trunk and base 
of limbs, the 50 per cent emulsive formu- 
lation was diluted with water. Sprays were 
applied by means of a 3-gallon garden 
sprayer, using a fan-type spray nozzle. 
No preparation of tree trunks was made 
except to remove loose dirt or bark. Con- 
ventional applications used as a basis 
of comparison were applied to trees as 
full-coverage sprays employing conven- 
tional high-presure spray equipment and 
manually operated spray guns. 

Populations of citrus red mite, Para- 
tetranychus citri (Mc.G.), were evaluated 
by counting the number of adult mites on 
32 leaves per tree (Jeppson 1951). Popula- 
tions of citrus bud mite, Aceria sheldoni 
(Ewing), were evaluated by ascertaining 


1Paper from University of California Citrus Experiment 
Station, Riverside, California. : 

2 Supplied as a 50 per cent emulsive formulation by The Dow 
Chemical Company, Midland, Michigan. 

3 Supplied as a 50 per cent emulsive formulation by the Pitts- 
burgh Agricultural Company, Neville Island, Pa. 
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Table 1.—Toxicity of leaves and fruit of lemon trees to citrus red mite, and cf buds to citrus bud 


mite, after trunk applications of Systox made October 25, 1951, by various methods. 











TREATMENT MATERIAL 





Systox (50% 
Emulsive), ——— 


Ounces 
per Tree 


Additive 





Kind 


METHOD OF 
APPLICATION! 





Per CENT 


Citrus Rep Mires Bups 


INFESTED 





Per Cent Mortality on  witH 
Fruit Samples? Picked Cirrus 


Bup Mite 





Nov. 1 


Nov. 8 own Dec. 6° 











— 
— 


— SS tO tO tO SO 
Mooocoocon 


0 
























None 
None 
None 





None 
Triethanolamine 
Triethanolamine 
Triethanolamine 
Triethanolamine 
None 

Water 

None 

None 
Triethanolamine 
Water 

None 


lover! | co] omecom | 


Painted on trunk 
6 in. Cotton band 
6 in. Cotton band 
6 in. Cotton band 
12 in. Cotton band 
2.5in. Cotton band 
6 in. Cotton band 


Full-coverage spray 
Full-coverage spray 


6 in. Cotton band 
6in. Cotton band 


100 


60 
88 


100 


23 
62 
48 








100 0 
100 0 
100 0 
100 0 
100 1 
100 0 
100 0 
100 30 
57 24 
50 56 
38 88 
13 32 








1 For fuller description of methods, refer to text. 
2 Fruits brought to laboratory, infested with 25 mites each, and held for 48 hours before mortality counts. 


3 Of 75 buds examined. 


the percentage of infested buds (Jeppson 
1952), five buds on each of 15 terminals 
being examined per tree. Fruits for labo- 
ratory biological assays were picked at 
intervals after treatment and infested 
with 25 adult citrus red mites each. 
Three groves were used in these ex- 
ploratory experiments. The initial tests 
(Table 1) employed small Eureka lemon 
trees in Ventura County. Twelve treat- 










ments in which Systox dosages ranged 
from 0.5 to 4 ounces per tree were applied 
to nonreplicated single-tree plots by using 
saturated bands, by painting the tree 
trunks, or by means of full-coverage 


sprays. In a second experiment (Table 2) 





dosages of Systox and Schradan ranging 
from 0.5 to 4 ounces per tree were applied 
by the three methods of trunk treatment 
and by full-coverage sprays to 30-year-old 






Table 2.—Toxicity of leaves and fruit of lemon trees to citrus red mite after trunk applications of 
Systox and Schradon on November 9, 1951 by various methods. 











TREATMENT MATERIAL 








AvetaGE NoJ or Live Per Cent Mortatit 
Apvutt MIrTEs oN 
Nov. 27 PER 





or Mires on Fruit 
Samp.es‘ Pickep 














Insecticide 
Dosage MetHop oF 32-Leaf 
Kind! per Tree Kind APPLICATION? Sample Nov.20 Nov. 28 

Systox 0.5 oz. Triethanolamine 2.5 Painted on trunk 0 91 _ 
Systox 1.0 oz. Triethanolamine 2.0 Painted on trunk 0 0 91 56 
systox 2.0 oz. Triethanolamine 1.0 Painted on trunk 0 0 100 88 
Systox 4.0 oz. None — Painted on trunk 0 0 74 54 
Systox 0.5 oz. Triethanolamine 0.5 3 in. Flannel band 0 0 a —- 
Systox 1.0 oz, None — 3 in. Flannel band 0 0 85 69 
Systox 4.0 oz. None — 9 in, Flannel band 0 0 100 86 
Systox 2.5 oz. None — 6 in. Flannel] band 0 0 81 70 
Systox — Triethanolamine 6.0 $ in. Cotton band 0 0 = 23 
Systox 0.5 oz. None _ Full-coverage spray 0 0 -= -— 
Systox 1.0 oz. None —— Full-coverage spray 0 0 -- 93 
OMPAS 2.0 oz. Triethanolamine 2.0 Painted on trunk 10 5 
OMPA 6.0 oz. Triethanolamine 1.0 Painted on trunk 2 0 
OMPA 6.0 oz. Triethanolamine 2.0 3 in. Cotton band 1 0 
OMPA 3.0 oz. Triethanolamine 1.0 9 in. Flannel band 9 2 
OMPA 1.0 oz. None — Full-coverage spray 0 0 
OMPA 2.0 oz. None — Full-coverage spray 0 0 
P-chloropheny] 

p-chlorobenzene 

sulphonate 1.0 oz. None _ Full-coverage spray 0 
Oil (light-medium) 1.75 pt. None —  Full-coverage spray 0 
Untreated _- — — 3 














1 Unless otherwise specified, a 50% emulsive formulation was used. 
2 For fuller description of method, refer to text. 

Average from four replicates of single-tree plots. | 

4 Fruits brought to laboratory, infested with 25 mites each, and held for 48 hours before mortality counts. 


5 Technical material. 
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Eureka lemon trees in Orange County. 
Applications were made to single-tree 
plots and replicated four times. In the 
same district 15-year-old Valencia orange 
trees received a similar dosage range of 
Systox and Schradan applied by painting 
and spraying the tree trunks, as well as by 
full-coverage sprays (‘Table 3). Plots con- 
taining four trees were each replicated 
four times in this experiment. 

Resutts.—The initial reductions in 
citrus red mite populations on trees 
treated with Systox and Schradan and 
the toxicity of fruit picked from these 
trees, are reported in tables 1, 2, and 3. 
Results of Systox treatments on citrus 
bud mite are tabulated in table 1. 

Field observations indicated that in 
the fall 10 to 14 days were required after 
trunk applications of Systox before a high 
mortality of citrus red mite occurred. In 
these experiments sufficient Systox was 
apparently absorbed through the citrus 
tree trunks and translocated to leaves, 
fruit, and buds to affect a high mortality 
of the mites studied. 

Mortalities of adult citrus red mite from 
laboratory biological asays made on fruit 
picked from Systox-treated trees varied 
considerably with the dosage and method 
of application. Mortalities were generally 
higher with increased dosages, but were 
no greater when the Systox was applied 
by full-coverage sprays than when it was 
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applied by some of the trunk treatments. 

The Ventura County lemon grove 
(Table 1) was heavily infested with citrus 
bud mite. In this experiment Systox did 
not control populations of the bud mite 
so effectively as it controlled citrus red 
mite. However, trunk applications re- 
sulted in a reduction of citrus bud mite 
populations equal to that provided by full- 
coverage sprays. 

At equivalent dosages, Schradan was 
less effective than Systox in control of 
citrus red mite, regardless of the method 
of application. Trunk applications of this 
material resulted in inadequate control of 
citrus red mite populations. 

Summary.—Application of concentrate 
formulations of Systox (principally the 
diethoxythiophosphoric acid ester of 2- 
ethyl mercaptoethanol) to trunks of citrus 
trees resulted in a high mortality of the 
citrus red mite, Paratetranychus citri 
(McG.), on the leaves and fruit, and some 
mortality of the citrus bud mite, Aceria 
sheldoni (Ewing), in citrus buds. Several 
methods of trunk application are de- 
scribed, and the resulting mite mortalities 
are reported. Schradan (octamethyl pyro- 
phosphoramide) applied by the same 
methods resulted in less effective mite 
mortality than Systox. Outstanding ad- 
vantages of the tree-trunk method of 
application are indicated. 
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Combination Insecticide-Fungicide Seed 
Treatments for Corn’ 
Pau C. DurriE.p* 


Experiments on the treatment of seed 
corn with insecticides can be divided into 
those which have to do with the effects 
of this type of insecticide placement on 
soil insects and those which deal with the 
biological effects of the insecticide on the 
seed, 
This paper deals with the second aspect 
of the problem, especially with the effects 
of different dosages of cholorinated hydro- 
carbon inseciticdes on seed corn of three 
moisture percentages all stored at three 
temperatures. Because it is almost a uni- 
versal practice to treat seed corn with a 
fungicide, it also becomes necessary to 
determine any interaction of fungicidal 
and insecticidal seed treatments when the 
two are used simultaneously. 

Seed corn (at 2, 10, and 14 per cent 
moisture) was treated with lindane, aldrin, 
and methoxychlor respectively and stored 
for forty weeks at 6°, 20°, and 30° C. The 
effects of these chemicals on the seed were 
determined principally by periodic germi- 
nation tests in a greenhouse bench. Green 
weights of the tops were also determined 
at the time of the last (fortieth week) 
germination test. 

Table 1 shows the pooled means of all 
emergence tests for each chemical ex- 
pressed in percentage of the comparable 
data for the (untreated) controls, but 
omitting those where molds developed. 


Table 1.—Data on emergence and green 
weights of seedlings from insecticide-treated 
seed corn in the absence of mold growth. 








Per Cent! or THE CONTROL 

















Emergence Green 
——— Wt. of 
Storage Period in Weeks Tops 
TREATMENTS 0 10 24 40 40 
Methoxychlor 100.3 98.1 98.1 98.6 96 
Aldrin 101.6 100.3 98.1 92.3 86 
Lindane 92.6 97.7 86.2 85.3 55 





1 Each figure deals with 600 treated and 600 non-treated seeds, 


Methoxychlor-treated seed corn (1.5 oz. 
of 50 per cent wettable powder per bushel) 
was not appreciably injured during forty 
weeks of storage. Both untreated and 
methoxychlor-treated seed at 14 per cent 
moisture were injured by mold develop- 


ment in storage at 30° C. by the tenth 
week, and at 20° C. by the twenty-fourth 
week. 

Aldrin-treated seed corn (3 oz. of 25 
per cent aldrin equivalent wettable pow- 
der per bushel) showed no evident injury 
until forty weeks of storage. Injury was 
greater at the high temperatures than at 
the low. Molds developed on the controls 
of the 14 per cent moisture corn stored at 
30° C. by the tenth week, but the aldrin 
treatment retarded mold development 
through the twenty-fourth week of stor- 
age. Green weights of seedlings from 
aldrin-treated seed stored for forty weeks 
were 86 per cent of those from the un- 
treated seed in the experiment. 

Lindane-treated seed corn (13 oz. of 75 
per cent wettable powder per bushel) 
showed definite injury in storage by the 
twenty-fourth week. Storage tempera- 
tures had very little influence on the re- 
sults, except in the 14 per cent corn where 
molds developed. Both 2 per cent and 
14 per cent moisture corn showed lower 
emergence percentages than the 10 per 
cent corn. Green weights of seedlings 
from lindane-treated seed stored for 
forty weeks were 55 per cent of those from 
untreated seed in the experiment. 

Fretp ExprermMents.—Three dosages 
of lindane, aldrin, methoxychlor, and 
dieldrin, respectively, were applied to 
one quart lots of seed corn which were 
then stored for twelve weeks. At planting 
time a duplicate series of treatments was 
made. Half of each of these lots of stored 
and non-stored corn was treated with a 
fungicide (Arasan), and all treatments 
plus the controls were planted in six 
replications at each of two locations. 
Records were made on both stand and 
yield, and an analysis of covariance was 
computed on these data. Tables 2 and 
3 show results of this experiment. 

Treatment of seed with methoxychlor 

1 Journal paper number J-2065 of the Iowa Agricultural Ex- 
periment Station, Ames, Iowa. Project 858. Based on a thesis 
submitted by the author in partial fulfillment of requirements for 
the Master of Science degree. This investigation was supported 
by funds of the North lowa Agric. Experiment Association. 

2 The writer wishes to acknowledge the advice and direction 
ges by Dr. C. S. Reddy and Dr. J. H. Lilly, Professors of 


otany and Plant Patho , and Zoology and Entomology 
respectively at Iowa State College. 
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Table 2.—Mean number of plants in control 
plots (seed not treated and seed treated only 
with fungicide), and increases or decreases in 
number of plants per plot following the use of 
insecticide seed treatments (6 replications, 15 
hills of 4 kernels each in each plot). Ames and 
Kanawha, Iowa—1951. 








Srep TREATED 
Just BEFORE 
PLANTING 
INSECTI- 


CIDE Without With Without With 
Dosace Fungi- Fungi- Fungi- Fungi- 
(oz./bu.") cide cide cide cide 


TREATED SEED 
StorEp 12 WEEKs 








Lindane—Kanawha 


None 51.7 54.0 51.3 51.3 
0.5625 —1.2 —0.5 0.5 2.9 
1.125 —4.8 —3.9 0.5 0.9 
2.25 —9.7 —4.3? —2.5 —3.0 
Lindane—Ames 
None 54.2 50.4 53.5 53.7 
0.5625 —2.0 1.8 —2.3 1.3 
1.125 —6.13 0.6 —3.5 0.1 
2.25 —8§8.23 —4.2? —5.8% —4.5% 
Aldrin—Kanawha 
None 53.5 51.2 53.0 53.8 
0.375 —4.0° 2.6 —1.7 —0.6 
0.75 —2.6 —0.4 —1.9 1.8 
1.5 —4.3? 1.8 —1.4 —1.3 
Aldrin—Ames 
None 56.4 54.0 52.5 52.0 
0.375 —2.2 —2.0 —1.0 1.8 
0.75 —3.0 —2.8 —4.0 0.8 
1.5 —4.0 —1.6 —3.2 —1.7 
Methoxychlor—Kanawha 
None 52.5 52.8 53.0 53.0 
0.375 —2.0 —1.5 —3.0 0 
0.75 —4.3? 0.2 —1.7 —0.8 
1.5 —4.58 —4.8? 1.2 —-1.7 
Methoxychlor—Ames 
None 55.4 53.6 52.7 52.0 
0.375 —4.2 —1.2 —1.5 0.2 
0.75 —3.0 — 2 1.1 1.5 
1.5 —3.4 —0.8 —1.5 0.3 
Dieldrin—Kanawha 
None 52.8 52.5 53.0 52.7 
0.375 —2.3 —2.7 —1.5 1.5 
0.75 —1.1 —0.5 —1.7 —0.7 
1.5 0.9 —4.5* —2.7 1.3 
Dieldrin—Ames 
None 52.6 54.8 50.5 51.3 
0.875 —3.2 0.2 0.7 2.5 
0.75- —0.6 —2.6 0.7 1.4 
1.5 —0.4 —5.44 0.5 1.0 





1 Ounces of technical insecticide per bushel. 
2 Significant at the 5 per cent level. 
3 Significant at the 1 per cent level. 


resulted in three significant decreases in 
stand, but only one in yield, as shown in 
tables 2 and 3. These decreases were from 
stored seed without an added fungicide 
at planting time. 

The aldrin treatments resulted in three 
significant decreases in stand and two 
in yield from stored seed where no fungi- 
cide was used at planting time. 


Table 3.—Acre yields of harvested corn of 
controls (seed not treated and seed treated only 
with fungicide), and increases or decreases in 
yield following the use of insecticide seed treat- 
ments. Ames and Kanawha, Iowa.—1951. 








Seep TREATED 
Just BEFORE 

PLANTING 
INSECTI- 


CIDE Without With Without With 
Dosage Fungi- Fungi- Fungi- Fungi- 
(oz./bu.’) cide cide cide cide 


TREATED SEED 
StorED 12 WEEKS 








Lindane—Kanawha 
None 56.3 57.6 56.5 55.5 
0.375 —6.0° —2.0 1.6 2.9 
2.25 —10.68 —3.3 —3.0 —4.1 
1.125 —6.03 —5.0? —0.7 2.9 
Lindane—Ames 
None 93.3 85.3 68.9 72.0 
0.5625 —8.3? —0.3 2.9 —0.5 
1.125 —13.4 —0.9 3.5 2.6 
2.25 —22.8% —9.13 2.1 —0.5 
Aldrin—Kanawha 
None 57.8 56.9 58.4 60.1 
0.375 —4.4 2.3 2.9 —0.7 
0.75 —3.3 —1.2 —0.8 0 
1.5 —4.¥ 1.1 1.3 0.6 
Aldrin—Ames 
None 78.6 81.8 69.9 70.1 
0.375 —3.8 —1.8 —6.2 —4.0 
0.75 —3.3 —2.9 0.8 0 
1.5 —3.5 —5.9 -—1.3 2.7 
Methoxychlor—Kanawha 
None 58.2 59.1 59.2 59.2 
0.375 —3.2 —3.4 1.4 2.1 
0.75 —4.6 —1.2 —0.3 ye 
1.5 —3.4 —3.5 0.3 0.5 
Methoxychlor—Ames 
None 76.5 81.5 64.3 69.3 
0.375 3.4 —0.3 6.9? 1.9 
0.75 2.2 0.3 6.3 0.3 
1.5 2.2 0 3.4 —0.8 
Dieldrin—Kanawha 
None 54.6 56.9 59.1 57.7 
0.375 —0.3 —3.4 —2.9 —0.3 
0.75 3.2 —2.5 —3.0 2.7 
1.5 2.3 —3.3 0.2 2.8 
Dieldrin—Ames 
None 80.5 88.7 61.6 66.1 
0.375 —3.1 —6.6? 5.3 5.1 
0.75 —0.6 —10.8 8.3? 8.3? 
1.5 0.3 —11.6 6.1 4.3 





1 Ounces of technical insecticide per bushel. 
2 Significant at the 5 per cent level. 
3 Significant at the 1 per cent level. 


The lindane treatments resulted in 
eight significant reductions in stand, in 
stored and freshly treated and an equal 
number in yield with the stored seed. In six 
yield cases these reductions in stored seed 
were highly significant. Also six of these 
eight yield reductions were with seed not 
treated with fungicide. Two significant re- 
ductions in stand followed the use of 
freshly treated seed, but these reductions 
were not reflected in the yields. 
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Dieldrin appeared to interact with 
Arasan when the treatment was made 
twelve weeks prior to planting. This 
resulted in three significant reductions 
in yield. However, when the dieldrin and 
Arasan were applied together just before 
planting there was an indication of some 
plant stimulation. In the Ames planting, 
significant yield increases were realized 
from freshly prepared dieldrin-treated 
seed, both with and without the addition 
of the fungicide. 

The following observations were made 
on the basis of the above work and further 
preliminary and exploratory experiments 
in the greenhouse not reported in detail 
here: 

1. Plants from lindane-treated seed 
corn showed injury to organs even when 
the seed was germinated in sand immedi- 
ately after treatment, at the three dosages 
employed in this investigation. 

2. Corn seedlings from lindane treated 
seed planted in sand, peat, and loam, 
respectively, showed approximately the 
same amount of root retardation. How- 
ever, the retardation of top growth was 
much more pronounced in sand than it 
was in either peat or loam. 

3. The typical symptoms of lindane 
injury (shortened, tuberous primary and 
seminal roots, and short, thick plumules) 
were not expressed, even after eleven 
weeks of storage, when the chemical was 
removed with benzene or chloroform 
prior to planting. 

4. The degree of lindane injury was 
increased by retarding the rate of germi- 
nation. Low moisture in the seed, low 
germination temperatures, and weakening 
of the seed by mold development in stor- 
age, were some of the factors causing 
increased injury from Jindane seed treat- 
ments. 

5. Injury from insecticide seed treat- 
ments caused the seed to be more suscepti- 
ble to seed-rotting soil pathogens. For 
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this reason less injurious effects of the 
insecticide treatments were observed when 
a fungicide was added than when the 
insecticide was used alone in non-steamed 
soil. In steamed soil where soil pathogens 
were not present, the addition of the 
fungicide did not appear to lessen the 
injury from the insecticide treatments. 

6 Ina petri dish experiment, an emul- 
sifiable concentrate of aldrin appeared to 
nullify the effects of the Arasan treatment, 
ie, a test organism Pythium sp, grew 
unrestrictedly around kernels of corn 
treated with a combination of aldrin 
emulsifiable concentrate and Arasan The 
treated kernels had been placed on water 
agar inoculated with the test organism 
On the other hand, Arasan-treated con- 
trols, or kernels treated with a combina- 
tion of aldrin wettable powder and Ara- 
san, restricted the growth of the test 
organism leaving an uninfected zone of 
agar around the kernels. 

In interpreting the field data if should 
be realized that these plantings were 
made in soils which do not normally pre- 
sent an important soil insect problem. Such 
soils were purposely chosen so that the 
effects of the chemicals themselves might 
be more accurately determined Under 
these conditions favorable results would 
be complete neutrality of affect of the 
chemical on the seed This condition was 
not found with any one of the chemicals 
used Methoxychlor approached this con- 
dition more closely than any of the others; 
lindane had the most adverse effects on 
the seed under all conditions; and dieldrin 
was the most variable under the condi- 
tions of the experiments. 

Two conclusions stand out from the 
results presented: (1) Insecticide seed 
treatments should preferably be made 
shortly before planting, and (2) a suitable 
fungicide should be used in combination 
with the insecticide seed treatment. 








House Fly Dispersion Studies in Metropolitan Areas 


H. F. Scuoor, R. E. Stverty and J. A. Jensen, Federal Security Agency, Public Health Service, 
Communicable Disease Center, Atlanta and Savannah, Ga 


Since the dispersion pattern of an insect 
is of prime consideration in measuring its 
area of influence in regard to disease trans- 
mission and to effective control opera- 
tions, the advent of radioisotopes as a 
ready means of marking certain Diptera 
has focused renewed attention upon the 
movement of flies in rural and urban areas. 
Early studies in Miles City, Montana 
(Parker 1916), indicated that house flies 
disperse to a maximum distance of ap- 
proximately 2 miles; however, more than 
85 per cent of the recoveries occurred 
within 1 mile of the release points. Bish- 
opp & Laake (1921), from several tests 
conducted in agricultural areas near Dal- 
las, Texas, reported movement of Musca 
domestica to distances of 7 to 13 miles. 
Twelve of the 13 specimens captured with- 
in this range were taken between 7 and 
11 miles, only one fly being trapped at the 
13-mile site. In the initial test, where traps 


were stationed 0.5, 1, 2, 3, and 4 miles 
from the liberation point, in excess of 90 
per cent of the recaptures were effected 
within the 0.5 and 1 mile zones. Recently, 


Lindquist et al. (1951), by the use of 
laboratory-reared specimens tagged with 
P-32, demonstrated that house flies in 
rural areas near Corvallis, Oregon, dis- 
persed to distances of 0.5 to 12 miles. 
In this test also, the majority of the 
marked specimens were found within 
1 mile of the release site. 

As part of the research phase of the 
Poliomyelitis Investizations-Fly Control 
Program which the Communicable Dis- 
ease Center is conducting at Phoenix, 
Arizona, and Charleston, West Virginia, 
a series of fly dispersion tests was initiated 
at both cities during the 1951 season. 
The data reported relate only to the two 
experiments which were effected at the 
Phoenix station in June and September 
1951. 

DeEscrIPTION OF Stupy AREA.—Metro- 
politan Phoenix, Arizona,! which encom- 
passes an area of 100 to 180 square miles 
(Fig. 1), has an aggregate population of 
over 200,000 persons. Approximately one- 
half of this population resides within the 
city proper, the remainder being distrib- 


uted in the adjacent portions of Mari- 
copa County. The community lies upon 
the broad, flat floor of the Salt River 
valley, the dry river bed forming the 
southern edge of the metropolitan area. 
On the basis of socio-sanitational levels, 
the city itself can be classified into busi- 
ness (Fig. 1, H) and several types of resi- 
dential sections (A through F). Although 
Sections E and F definitely represent a 
lower level of residency than Sections 
A to D, the degree of sanitation in these 
two sections surpasses that manifested 
in the county zone lying between the city 
limits and the Salt River. Composed of 
approximately 270 blocks of primarily 
Latin-American habitations, this county 
zone is characterized by an abundance 
of animal pens and privies which, with the 
absence of any organized refuse collection 
system, makes it a source of prodigious 
fly production. In addition, meat packing 
concerns and municipal garbage disposal 
sites on the edge of the Salt River contrib- 
ute heavily to the resident fly popula- 
tions. 

As an aid to extensive dispersion stud- 
ies, the Phoenix area is favored by rela- 
tively uniform weather conditions, an 
extended fly season (10 to 12 months) 
and a fly potential of enormous magni- 
tude. Although blowflies are present in 
varying numbers throughout the year, 
the predominant, and problem, species is 
Musca domestica. 

CoLLEcTION, MARKING, AND RELEASE 
or F.ires.—Essentially, the test proce- 
dures involved removing a portion of the 
normal fly population at the release site, 
marking these specimens with radioiso- 
topes, liberating the tagged flies at the 
point of original capture, and then re- 
covering as many radioactive flies as 
possible by means of baited traps dis- 
tributed in a definite design at varying 
distances from the release point. 

To eliminate the factor of induced 
population pressure, all specimens to be 
marked were collected from the resident 


1 The term ‘ bareae yg is subject to several interpreta- 
tions. For the © perce, of this discussion, arbitrary limits have 
been designated as indicated in Figure 1. 
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Fic. 1.—Map of Phoenix, Arizona, showing dispersion pattern in June 1951 test. 


fly population at the predetermined re- 
lease site.' For this purpose, cone net 
(Maier & Dow, 1949) and fly trap tech- 
niques were employed for a 1 or 2 day 
period prior to the feeding operation. 
Approximately 1000 to 4000 captured 
specimens were placed in each of 24 
holding cages. A dilute, honey-water 
solution sustained these specimens until 
the introduction of the radioactive milk 
(Jensen & Fay, 1951). The latter was 
prepared by adding 1 millicurie of P-32 
as phosphoric acid to 1 liter of milk 
(evaportated milk, honey and water). 
Small salve tins containing cellucotton or 
squares of plastic screening served as feed- 
ing stations, two to four stations per 
cage. 

The radioactive milk was offered to 
the flies for periods of 23 and 12 hours 
respectively in the two tests, replenish- 
ment of the supply being made as often 
as required. Servicing of the feeding 
stations was accomplished by a gravi- 
tational flow technique (Fig. 2). By inser- 
tion of a glass pipette through a slit in a 
small sponge rubber square fastened to 


one side of the cage, radioactive milk 
passed directly from the supply bottle 
to the feeding station. Rate of flow was 
regulated by a pinchcock on the rubber 
tubing connecting the pipette to the sup- 
ply bottle. This method minimized the 
possibilities of contamination and _ pre- 
vented the accidental escape of marked 
flies. Two liters of milk was used in each 
test. 

To obtain a definite base line for meas- 
uring the rapidity of dispersion, the release 
of tagged flies was purposely scheduled at 
twilight on the same day on which they 
were fed. Since the liberated specimens 
immediately sought nearby night resting 
surfaces, the initial fly dispersion could 
then be considered as beginning at dawn 
of the following day. 

Approximately 31,000 and 56,000 house 
flies constituted the June and September 
releases, respectively. The best method 
of determining the number of flies liber- 
ated was to mark a 5 inch square on the 

1 Quarterman, K. D., W. Mathis, and J. W. Kilpatrick. (Un 
published manuscript) “Fly Dispersion in Urban Areas of 


Southern United States.”” Communicable Disease Center 
Savannah, Georgia. 
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side of each 18 inch square cage and relate 
the fly counts within that square to the 
total cage population. ““Estimated”’ versus 
actual population tests showed that the 
average of three fly counts within the 
5 inch square times the factor 60 yielded 
density values within an error of 7.5 
per cent. Musca domestica comprised 
more than 95 per cent of the specimens 
released.! 

In the June test, a meat packing plant 
located at the edge of the Salt River 
served as the release point. This site is a 
continual source of copious fly breeding 
and abundant fly attractants. North, 
east, and west of this location extend one 
to two miles of substandard residential 
area while immediately south the terrain 
consists of the essentially dry, barren, 
Salt River bottom, approximately one 
mile in width. For the second test, the 
site which represented the focal point of 
fly movement in the June study was cho- 
sen as the release station. In the center of 
a substandard residential area, this loca- 
tion is bordered on the southern half by 
residential zones of similar composition. 
Within one mile to the north, however, 
lie the business and the better class resi- 
dential sections of Phoenix. 

RecaprurRE Metruops anD DrerEcrion 
or Markep F.ues.—For recapture of 
marked flies, the attached-bait-pan type 
of fly trap? was utilized in both tests. 
One-quarter pint of chicken entrails 
served as the bait, each trap being re- 
baited on alternate days with fresh ma- 
terial. Traps remained in continuous oper- 
ation for 15 days with the exception of one 
at the release point which operated for 
one hour each day. Daily removal of trap 
contents usually occurred during the first 
6 to 8 day period, subsequent servicing 
being scheduled on a 2 to 3 day basis. 
At the time of collection, the flies were 
killed with chloroform and placed in ice 
cream cartons. 

In the June test, 50 traps were distrib- 
uted in concentric rings, 6 traps at the 
0.5 mile distance, 12 at 1 mile, 13 at 2 
miles, and 19 traps at 3 miles (Fig. 1). 
At the 0.5 and 1 mile distances the rings 
were complete, but at the farther distances 
the trap stations were confined to the 
area north of the Salt River. To insure 
a more ‘equal’ chance of recapture at all 
distances, the circumferential interval be- 
tween successive traps on the same ring 
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was maintained at 0.5 mile. In selecting 
the individual trap site, consideration 
was given to the over-all fly attractivity 
of the general area, provided the block 
chosen remained within one-eighth mile 
of the theoretical site originally selected 
by means of compass designations. 

In the September study, traps were 
located at 4 and 5 miles as well as at the 
distances utilized in the earlier test. How- 
ever, instead of designating sites on nar- 
row concentric rings emanating from the 
release point, distance bands of 0.5 mile 
width were established (Fig. 2). Thus, 
any trap situated on the 1, mile band 
could be between 0.75 and 1.25 miles 
from the release point. No attempt was 
made to maintain a uniform interval be- 
tween successive traps, the chief criterion 
for trap location being the selection of the 
most fly attractive areas in each of the 
distance bands. Of the 50 traps in opera- 
ation beyond the release site, 6 were at 
0.5 mile, 12 at 1 mile, 11 at 2 miles, 
9 at 3 miles, 8 at 4 miles, and 4 at 5 miles. 

To detect the tagged flies, all trap 
collections were processed by a count rate 
meter equipped with a Geiger tube having 
a mica end window with a thickness of 
3.2 milligrams per square centimeter. A 
specimen yielding consistent counts above 
background was considered as a “tagged” 
fly. The usual count rate for the radio- 
active specimens varied between 200 and 
5000 counts per minute. In each sample, 
the marked as well as the unmarked flies 
were determined to genus and species. 

Resutts June Trest.—The data for 
this test (Table 1, Fig. 1) reveal that 
Musca domestica dispersed readily 
throughout the area, tagged specimens 
being captured on all rings. As might be 
anticipated, the percentage of positive 
collections per ring varied inversely with 
the distance from the release point. How- 
ever, contrary to expectation, more 
radioactive flies were taken on the 1 mile 
circle than on the 0.5 mile ring. Approxi- 
mately 88 per cent of the 227 specimens 
recovered were trapped within one mile 
of release point. 

With regard to the rapidity of move- 
ment, limited dispersion up to one mile 
occurred within 24 hours after release, 


_} Sample checks revealed that in excess of 95 per cent of these 
flies were radioactive. 

2 A small trap (height 12}’, diameter 6’) attached to a metal 
standard (28" high), suitable for use at or above ground level. 
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Fig. 2.—Map of Phoenix showing the dispersion pattern in the September 1951 test. 


movement to the 2 and 3 mile rings being 
manifest within 48 hours. Maximum re- 
covery of marked flies took place on the 
third day after release, a gradual decline 
being evident in subsequent collections. 
The abrupt rise in positive collections and 
number of tagged specimens recovered 
on the second day after release indicated 
considerable movement during the time 
interval between the first and second 
collection period (18 to 42 hours after 
release). At the release site, the 1 hour 
collections yielded 101, 80, 22, 23, 15, and 
14 marked flies, respectively, on the first 
6 days following liberation. Three sub- 
sequent collections on the 7th, 9th, and 
15th days after release were negative, 
indicating possible mortality of the tagged 
specimens, dispersion, or elimination of 
the P-32 from the insect’s body. 

The most significant finding in this test 
concerned the preferential movement of 
marked flies into certain portions of the 
metropolitan area. As shown in table 2, 
more than 77 per cent of the total tagged 
flies recovered were taken at 7 of the 50 
trap sites. Particularly outstanding was 


the capture of 108 of the 120 flies collected 
on the 1 mile ring from two adjacent sta- 
tions (Fig. 1, sites 14 and 15). The re- 
coveries at these two locations accounted 
for the greater number of marked flies be- 
ing found in the 1 mile than in the 0.5 
mile zone. These data are contrary to 
any assumption of random dispersion of 
the mass population from a given point 
to peripheral sites. Instead, it appears 
that certain areas possess a higher degree 
of fly attractivity which in turn results 
in greater fly movement towards such 
environs. 

Analysis of the data for the total num- 
ber of untagged flies collected at each 
trap station reveals that the preferential 
movement towards particular sites was 
associated with the attractivity of these 
sites to house flies. With one exception, 
those locations which were characterized 
by substantial house fly populations like- 
wise produced the majority of the marked 
flies. Animal pens apparently provided 
the conditions which caused the prepon- 
derance of house flies at these points. No 
apparent correlation existed between the 
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dispersion pattern and the weather factors 
of temperature, rainfall, humidity, and 
wind. During the period June 23 to 30, 
maximum temperatures averaged 105° F.; 
wind velocity, 4.9 miles per hour; and 
minimum relative humidity, 14 per cent. 

Resutts SEPTEMBER ‘TxEsts.—Data 
(Table 3) disclose dispersion of Musca 
domestica throughout the area and up to 
distances of 4 and 5 miles. Maximum re- 
coveries again occurred within the 0.5 
and 1 mile bands, more than 50 per cent of 
the collections in both zones being posi- 
tive. Within 48 hours after release, tagged 
flies were taken in all but one of the 18 sta- 
tions in the 0.5 and 1 mile zones. The 
trend in the movement of the marked 
specimens from the release site was clearly 
demonstrated by the general increase 
in the number of positive sites and of 
radioactive flies retrieved during the first 
three post-release days. The limited 
recoveries, which occurred within the 
0.5 and 1 mile bands on the first day, were 
followed by maximum captures in these 
two zones on the second day.' At the same 
time, tagged flies began to appear in the 
outer zones; 6 of the 11 stations on the 
2 mile band, 1 of 9 stations on the 3 mile 
band, and 2 of the 8 sites on the 4 mile 
band yielding positive collections on 
second and third post-release days. At 
the conclusion of the test, marked speci- 
mens had been collected from all sites 


on the 0.5 and 1 mile bands while the. 


percentage of positive stations per band 
at the 2, 3, 4, and 5 mile distances ran 72, 
44, 37, and 25 respectively. 

As in the June release, the number of 
positive collections per band decreased 
with the distance from the liberation 
point. In contrast to the initial test, ap- 
proximately the same number of tagged 
flies was recaptured in the 0.5 and 1 mile 
zones (Table 3). Again more than 80 
per cent of the marked flies retrapped 
came from collections in these zones. Be- 
yond the one mile limit and particularly 
in the 3, 4, and 5 mile bands, recovery 
of tagged specimens dropped markedly. 
A similar precipitous decline in the num- 
ber of specimens captured in the 3 mile 
band was also revealed in the June test 
(Table 1). While this significant reduction 
can to a large degree be ascribed to the 
greater distance involved, consideration 
must also be given to the fact that as the 
radial distance increases, the number of 
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radioactive flies per unit area greatly 
diminishes, so that the chances of cap- 
turing marked flies in the outer rings are 
materially decreased. 

Pronounced preferential movement 
toward a few selected sites was far less 
manifest in the September test than in 
the June release. This was expected since 
the sites for the second study were chosen 
on the basis of “equal” fly attractivity. 
That stations more favorable to Musca 
domestica concentrations were chosen for 
the second study is clearly illustrated by 
two collations: (a) the percentage of 
Musca domestica in the total flies collected 
in the spring and fall tests averaged 65.8 
and 87.7 respectively, and (b) the per- 
centage of collections containing 95 per 
cent house flies ran 15.6 and 40.0 respec- 
tively for the first and second releases. 
The total number of flies trapped in the 
fall experiment amounted to 808,072 
specimens, almost 3 times the quantity 
collected in June. While the higher densi- 
ties which prevailed in September prob- 
ably caused part of this decided increase 
in the quantities of flies trapped, the 
selection of trap sites more attractive to 
Musca domestica was also an important 
factor underlying the augmentation. 

As the map (Fig. 2) discloses, flies from 
the release point penetrated to the busi- 
ness and residential portions of the city. 
Of particular significance from the stand- 
point of potential disease transmission, 
were the captures of 13 and 17 tagged 
flies respectively at stations 3 and 12. 
With the release point situated in the 
middle of a substandard residential area 
characterized by unsanitary privies and 
exposed human excreta, fly movement 
into the city could easily serve as trans- 
mission vehicle for pathogens available 
at these sources. Further, since site 13 
is one of the two adjacent blocks utilized 
as a city market, the chances of potential 
food contamination are obvious. 

In the September test, weather factors 
again appeared to have little effect upon 
the dispersion pattern. During the period 
September 26 to October 3, maximum 
temperatures averaged 93° F., wind veloc- 
ity 4.6 miles per hour, and minimum 
relative humidity 31 per cent. 

Discussion.—In the June study, the 


1 The numbers of tagged flies recovered each collection period 
at the 0.5, 1 and 2 mile bands fluctuated in direct relation to 
the total quantities of flies trapped during these periods. 
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selection of a highly fly attractive release 
site located between a river bottom devoid 
of attractants and an extensive residential 
section containing numerous attrahents 
made it possible to determine the influence 
of such attractivity upon fly movement. 
As the results revealed, Musca domestica 
migrated readily from the release site 
with definite preferential movement to- 
ward certain trap stations, particularly 
those established on the 0.5 and 1 mile 
rings north of the point of liberation. 
Of the seven sites either in the river bed 
or on the opposite edge, three proved 
positive but yielded only three marked 
flies. In contrast, eight of 11 sites on the 
0.5 and 1 mile rings north of the river 
bed contributed a total of 196 tagged flies, 
thus demonstrating that major fly dis- 
persion emanated towards the residential 
areas which apparently provided condi- 
tions more suitable for feeding and repro- 
duction than those existing in the dry 
river bottom. 

Proceeding on the previous evidence 
that fly movement is governed by the 
fly attractivity of an area, it naturally 
follows that in a random selection of trap 
stations, as stipulated in the June test, 
certain locations normally would possess 
a greater abundance of house fly attra- 
hents than other stations. The preponder- 
ance of marked house flies taken in sta- 
tions 4, 14, and 15 validate this assump- 
tion, these sites furnishing more than 76 
per cent of the radioactive flies captured 
at the 0.5 and 1 mile distance. The same 
three stations also provided in excess of 
60 per cent of the total flies captured in 
the two zones, 21 of the 25 trap samples 
containing over 95 per cent house flies. 

The recovery of the greatest number of 
radioactive flies at the 1 mile zone con- 
flicts with the preconception that maxi- 
mum catches would occur at those sta- 
tions nearest the release point. In pre- 
vious studies (Lindquist et al. 1951, Bish- 
opp & Laake 1921, and Parker 1916), the 
capture of more flies at sites closer to the 
release point was favored by stationing 
proportionally fewer traps per circum- 
ferential zone on the outer distance rings. 
In the June test, this inequality was over- 
come by locating the traps at uniform 
intervals on each distance ring, thereby 
creating an equal chance of recovery, 
whichever ring the flies crossed. Under 
such conditions it was anticipated that, 
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regardless of the directional trend of dis- 
persion, the traps at 0.5 mile would fur- 
nish the predominant catch. To explain 
the seemingly paradoxical data, consider- 
ation must be given to the house fly 
attractive values of the two sites, 4 and 
14. By using a comparison of the total 
Musca domestica taken at the two sites 
as the criterion, it can be assumed that 
site 14 in yielding 53,628 flies possessed a 
higher level of attractivity than site 4 with 
only 7497 specimens. Thus, the greater 
recovery of tagged flies at site 14 appears 
to be due, in large part, to that area hav- 
ing a higher degree of attractivity for 
Musca domestica. Two interrelated fac- 
tors, distance and area attractivity, ap- 
parently governed the dispersion pattern. 
As Parker (1916) points out, the various 
inciting and inhibiting agents influencing 
dispersion fluctuate in intensity and dura- 
tion and frequently exert compensatorv 
responses in the fly. In this instance, the 
presence of an attractive force of “maxi- 
mum”? intensity at a site 1 mile from the 
release point presumably invoked greater 
stimulatory response from the released 
population than did the location possess- 
ing an “average” attractive force 0.5 
mile distant. 

Based on the foregoing findings of the 
June test, the September experiment was 
outlined to determine: 

(a) If the general pattern of dispersion as pre- 

sented by the June test could be altered by se- 
lecting the trap stations primarily on the basis 
of each site possessing an “equal” attractivity 
for house flies and without regard to the main- 
tenance of equidistant intervals between ad- 
jacent stations on the same band. 
Whether there was any significant counter 
movement of house flies between the point of 
maximum recovery (Station 14) and the re- 
lease site for the June test. 

(c) The amount of infiltration into the city from 
an adjoining substandard area of high fly po- 
tential and attractivity. 


The data for the September test (Table 
3) strengthen the premise that area at- 
tractivity is a major factor in governing 
house fly dispersion. By “‘equalizing”’ the 
attractive values of the respective sites in 
the September study, the percentages of 
trap collections and the number of tagged 
flies recovered per zone were increased 
markedly over those obtained for the 
June release. Of the 441 collections on 
the June test, only 12.9 per cent were 
positive with 17 of the 31 trap stations 
(51.4 per cent) in the 0.5 to 2 mile zones 
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Table 1.—Number of positive collections and tagged house flies per zone—June 1951 test. 
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yielding radioactive specimens. In the 
September release, 28.4 per cent of the 
447 collections were positive with 26 of 
the 29 stations (89.6 per cent) in the 0.5 
to 2 mile zones providing tagged flies. 
Thus it is apparent that placement of 
traps at sites of “equal’’ fly attractivity 
resulted in a more even distribution of 
the tagged fly recovery than occurred 
when prime consideration was given to the 
maintenance of equidistant intervals be- 
tween adjoining traps. 

Further, the positive collections at all 
stations on the 0.5 and 1 mile bands in 
the September test indicate that when 
the trapping stations possess an “equal” 
attractivity value, fly movement is shown 
to occur in all directions. Under these 
conditions, a random type of fly migra- 
tion appears in the dispersion pattern. 
In the June test, this tendency towards 
random migration was apparently coun- 
teracted by the predominance of fly 
attractive sites in the area north of the 
river bed, a situation which favored major 
fly movement towards the city. 

The dominant recoveries at sites 4 and 
14 (Fig. 1) and sites 6 and 7 (Fig. 3) re- 

Table 2.—Percentage of tagged flies recovered 
at sites predominant for Musca domestica June 
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veal considerable fly movement between 
the liberation points of the two tests. 
Apparently a chain of attractants in this 
general area provides a “favored” path 
of dispersion. Since fly movement be- 
tween these two locations prevails, the 
question arises as to whether flies dispers- 
ing from one point may not eventually 
return to the site of origin. Conceivably, 
the fly upon reaching any attractive site 
does not necessarily remain there but may 
again disperse in a randomized manner. 
To prove or disprove the occurrence of 
such reciprocal migration, however, fur- 
ther tesis are required in which tagged 
flies trapped at certain stations will be 
remarked and released for subsequent 
recapture. Of significance from the present 
data is the fact that house flies move into, 
as well as away from, a source of high 
fly production such as site 7 (Fig. 3). 
From the practical aspects of fly con- 
trol, the reported data show that house 
flies disperse rapidly and in numbers to 
distances of 0.5 and 1 mile, a finding 
which substantiates and extends similar 
evidence reported by Parker (1916), 
Bishopp & Laake (1921), and Lindquist 
(1951). The fact that more than 80 per 
cent of the tagged flies were captured 
within 1 mile of the release sites definitely 
shows this distance to encompass the area 
of maximum dispersal. While this fur- 
nishes a specific guide in delimiting the 
area of control operations, it does not nec- 
essarily mean that a 1 mile limit should be 
arbitrarily established around all com- 
munities employing control measures. 
Such a procedure could be expensive and 
entirely unwarranted. The designation of 
the control boundary should be preceded 
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Table 3.—Number of positive collections and tagged house flies per zone—September 1951 test. 
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by an adequate appraisal of the fly 
breeding and fly attractants in the periph- 
eral areas bordering the community. 
Where sufficient attractive sites are inter- 
spersed between the community and the 
1 mile limit, and the expanse beyond this 
limit possesses a relatively low value of 
fly attractiveness, the designation of the 1 
mile boundary is probably justified. 
However, consideration must be given to 
normal radial dispersion of flies from a 
given site. Thus, although a high percent- 
age of marked flies in the June test moved 
from the meat packing plant to an area 
adjacent to the city limits (sites 14 and 
15, Fig. 1), the data show that in the 
September test (Fig. 2), 46 per cent of 
the flies retrieved (within 1 mile) from the 
tagged population liberated in this same 
area moved away from, not toward, the 
community. Further emphasis can be 
assigned to this 46 per cent recovery rate 
since it derived from only 5 sites as com- 
pared to the remaining 54 per cent which 
related to 13 sites located inside the city. 
Therefore, as a general rule, to minimize 
fly infiltration into the city from the 
county areas, those environs within 0.5 
mile of the city should receive primary 
attention since they not only provide 
fly breeding sources but also furnish 
stimuli which attract fly migrants from 
sources beyond the 0.5 mile distance. 
With the radial movement of flies from 
an area being channeled by the attractiv- 
ity value of the surrounding environs, it 
seems evident that, under certain condi- 
tions, acceptable fly control can be 
achieved in residential developments with 


good sanitation even though they lie in 
close proximity to problem sites. Field ob- 
servations have noted that some residen- 
tial sections receive a minimum of fly 
infiltration from nearby problem sites 
while in other instances the reverse is 
true. Under the latter circumstances, the 
differential in attractivity levels between 
the areas on opposite sides of the problem 
sites apparently favors migration into 
the city whereas with the former, the 
dominant dispersion of flies is away from 
the community. 

Although control programs consistently 
stress the removal of breeding sources, 
the elimination of fly attractants has 
received only secondary attention. It is 
obvious that unless such attrahents are 
disposed of, successful control in com- 
munities surrounded by external fly pro- 
duction sources is impossible because of 
infiltration of flies from adjacent areas. 
Despite reduction of fly breeding media 
in Sections E and F of Phoenix to a mini- 
mum level, relatively high fly prevalences 
frequently occur solely because of the 
affinity exhibited by the extraurban flies 
for attractants (dishwater, fruit, animal 
excrement) still available within the 
city. 

With reference to dispersion beyond 
1 mile, there was definite evidence of fly 
movement up to the 2-mile range, par- 
ticularly in the September test. Conse- 
quently, extension of control limits from 
1 to 2 miles may, in some circumstances, 
be desirable. Radioactive flies also mi- 
grated to the 3, 4 and 5 mile zones, but 
the numbers of specimens collected at 
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those distances were too small to warrant 
emphasis at this time. Admittedly, be- 
cause of the pronounced dilution of the 
released population per unit area at the 
more distant ranges, the small recoveries 
may possess far greater value than has 
been assigned to them. However, in view 
of the general popular tendency to cite 
and to apply without qualification such 
isolated maxima of fly dispersion, a con- 
servative interpretation at present ap- 
pears justified. Likewise warranted is the 
caution that the findings relate specifically 
to the area of study; therefore, generaliza- 
tions on fly dispersion per se without con- 
sideration of the qualifying circumstances 
may be quite misleading. As Parker (1916) 
noted, the movement of flies represents 
a complex interaction of numerous stimuli, 
both environmental and within the insect 
itself. To resolve these factors into a work- 
able control principle is a challenge to 
the entomologist. 
SumMary.—Releases 


of 31,000 and 


56,000 house flies tagged with radioactive 
phosphorus at Phoenix, Arizona, in June 
and September 1951 reveal that the prin- 
cipal zone of dispersion is within 1 mile 
of the release point. Of the 227 and 284 


marked specimens collected from baited 
traps distributed over the metropolitan 
area, 88 and 81 per cent respectively 
were found within the 1 mile zone. 

The percentage of positive recoveries 
per band varied inversely with the dis- 
tance from the release. Movement of 
flies occurred rapidly. Specimens were 
found within 24 hours at 0.5 and 1 mile, 
the wave of dispersion spreading to 2 and 
3 miles within 48 hours and to 4 miles 
within 72 hours. 

Although tagged flies were collected 3, 
4 and 5 miles from the release points, the 
number of specimens taken at this dis- 
tances were too few to warrant emphasis 
at the present time, However, the 13 
per cent recovery on the 2 mile band 
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in the September release indicates that 
movement to this distance may be of 
significance. 

The major factor governing the dis- 
persion pattern was the attractivity of the 
area for house flies. In the June tests where 
trap sites were chosen primarily on a de- 
sign basis, seven stations furnished 77 
per cent of the tagged flies, these sites 
being characterized by high fly popula- 
tions, predominantly Musca domestica. 
Of the 12 stations on the 1-mile ring, two 
adjacent sites provided 90 per cent of the 
120 marked flies retaken and more than 
62 per cent of the total flies trapped. 
Selection of trap stations on the basis 
of “equal” fly attractivity values in the 
September test produced a more uniform 
rate and pattern of dispersion than in the 
June release. Data indicate that if attract- 
ant stimuli of “equal” intensity surround 
a given point, dispersion can follow a 
random design. Where the attractivity 
values are unequal, this radial dispersion 
movement is channeled along the paths 
of greater fly attractivity which emanate 
from the release site. 

The importance of any problem site 
of high fly production located one or 
more miles from a community is depend- 
ent upon the degree and extent of fly at- 
tractivity in the area intervening between 
the city and the site. Although an inter- 
vening area more conducive to fly dis- 
persion favors movement towards the 
city, the apparent reciprocal migration 
of flies between attractive sites located 
within the intermediate zone may dissi- 
pate to a large degree the ultimate effect 
of such infiltration upon a control pro- 
gram within the city. 

In view of the influence of attractants 
upon the infiltration of house flies into 
an area, removal of these substances is of 
parallel importance to the elimination of 
fly breeding media on any community 
fly control program. 
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Control of the American Grasshopper with 
Organic Insecticides in Florida! 
R. V. Connin, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant 


Quarantine, and L. C. Kuirtert, Florida "Agricultural Experiment Station, 
Gainesville 


During the summer and fall of 1950 
damage to cultivated crops by the Ameri- 
can grasshopper, Schistocerca americana 
(Drury), was reported from several 
areas in southeastern United States. This 
grasshopper has long’ been present 
throughout most of the Southeast, but 
rarely in injurious numbers. Occasional 
reports of damage have usually been 
restricted to part of a farm or field. In 
1950, however, severe damage was general 
enough to warrant investigations on the 
control of this species. Therefore, during 
the 1951 season tests were undertaken to 
provide information on the effectiveness 
against S. americana of some of the new 
insecticides, especially of aldrin, chlor- 
dane, and toxaphene, which had been 
recommended for the control of grass- 
hoppers in the West (Wakeland & Parker 
1951). 

The western half of Alachua County, 
Florida, was chosen for the tests as a 
severe infestation had been reported in 
this area in 1950 and a large number of 
overwintered adults were present in the 
spring of 1951. These adults began ovi- 
positing about the middle of March. The 


last oviposition was observed on May 7. 
Hatching began the latter part of April 
and continued through the middle of 
June. 

In addition to Schistocerca americana, 
10 other species of grasshoppers were 
collected on the test plots, the most 
numerous being Melanoplus femurrubrum 
propinquus Scudd. There were also large 
numbers of a tettigoniid, Conocephalus 
sp. 

The tests were conducted from May 3 
to June 13 on small plots (0.1 acre) with 
hand equipment and on large plots (0.4-1 
acre) and in the field (8 and 16 acres) with 
power equipment. All nymphal instars of 
Schistocerca americana, as well as nymphs 
and adults of the other species, were 
present. Aldrin, toxaphene, chlordane, 
parathion, and lindane were applied as 
dusts and dieldrin, aldrin, and heptachlor 
as emulsion sprays. Several series of 
treatments were made with different 
materials at different dosages. Com- 


1 Florida Agricultural Experiment Station Journal Series 
No. 68, The investigations herein reported were conducted as a 
cooperative project of the Florida Agricultural Experiment 
Station and the Bureau of Entomology and Plant Quarantine, 
United States Department of Agriculture. 


Table 1.—Effectiveness against the american grasshopper of some organic insecticides applied 
with hand equipment in small-plot tests. 








Per Cent Mortauity (Four Repuicates) 





ACTIVE 


After 3 Days After 5 Days 





INGREDIENT 


— ee Oe oe oe fate oe a (fof bt 


5. th er ee A ee 


MATERIAL PER ACRE Range Average Range Average 








Dusts: 
Aldrin 2.5% 4.4 oz. 93- 98 95 84— 98 91 
9.6 oz. 99-100 99 98— 99 99 
10.4 oz. 86-— 99 94 96-100 98 
Parathion 2% . 24 oz. 91-— 96 94 85—- 94 91 
.6 oz. 98-100 99 87— 99 96 
Parathion 1% Ji 20m. 81— 90 86 67-— 77 73 
Toxaphene 10% .55 lbs. 86— 98 91 88- 97 88 
.45 lbs. 96-— 99 98 95-100 98 
Chlordane 5% .30 Ibs. 89- 97 94 86— 98 93 
.42 lbs. 31- 94 70 28- 78 65 
Lindane 3% 12.5 oz. 64— 98! 83! 58- 93! 81! 
Sprays (Emulsifiable Concentrate) : 
Aldrin 23% oz. 98-100 99 98-100 99 
Dieldrin 18.5% .5 02. 94— 99 96 91- 98 95 
Heptachlor 48% oz. 96- 98 96 95-— 99 97 





1 8 replicates. 
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mercially prepared materials were used in 
all tests, but all dosages were determined 
as the amount of active ingredient per 
acre. 

Estimates of the populations before and 
after treatment were made by sweeping 
the plots with an insect net. On all plots 
of less than an acre 20 sweeps were made 
per plot, whereas 30 sweeps were made 
per plot of 8 and 16 acres. The per cent 
mortality due to the treatments was 
calculated by the formula 


TaXCb 
100 (eee oa) 


Here Tb equals the total number of grass- 
hoppers swept from the plot before treat- 
ment, 7a the total swept after treatment, 
Cb the total swept from the check plot 
before treatment, and Ca the total swept 
from the check plot after treatment. 

Nymphs of Schistocerca americana tend 
to congregate close to the place where 
they hatched for several days to several 
weeks before spreading out over the gener- 
al area. Consequently, as many as 53 
newly hatched nymphs were sometimes 
caught in a single sweep during posttreat- 
ment counts. When it was certain that 
these nymphs could not have been present 
in time to be affected by the insecticide, 
they were excluded from the totals used 
for evaluating control. 

Smatit-PLtor Trsts.—The small-plot 
tests were conducted in a field of year- 
old, dense, green hairy indigo located on 
the Florida Agricultural Experiment Sta- 
tion Farm at Gainesville. Each plot was 
66 by 66 feet and contained 0.1 acre. 
All treatments were replicated four times 
and one check plot was included with each 
replication. The dusts were applied with 
two crank-type hand dusters and the 
sprays with a 3-gallon pneumatic-type 
hand sprayer. The dusters were filled 
and weighed and after each application 
were reweighed to determine the amount 
of dust applied. For the sprays it was 
found that 3 gallons of water were re- 
quired to give uniform coverage of a 0.1- 
acre plot. The required amount of emul- 
sion concentrate to give the desired dos- 
age was added to water to give this 
amount of spray and the emulsion was 
applied at a pressure of 30 to 40 pounds 
per square inch. In the application of both 
the sprays and dusts 10 round trips were 
imade per plot with a swath width of 
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approximately 3.5 feet. All treatments 
were made early in the morning when the 
air was quiet, thereby minimizing the 
danger of drifting. Sweeps were generally 
made the day before and 3 and 5 days 
after treatment. Results from these treat- 
ments are given in table 1. 

All the materials except the lindane and 
the 1 per cent parathion dusts gave satis- 
factory control. The chlordane used in 
one test had been in an opened bag since 
1949, while that used in another was pur- 
chased in 1951. The poorer control ob- 
tained from the older material indicated 
that it had lost considerable toxicity. 
The mortalities secured from the fresh 
material were in line with those expected 
from this insecticide when used in grass- 
hopper control. 

In the first tests aldrin dust was used 
at higher dosages, 9.6 and 10.4 ounces 
per acre, than that recommended for 
grasshopper control in other areas (Wake- 
land and Parker 1951). In later tests the 
amount was reduced to conform more 
closely to the recommended dosage of 
3 ounces per acre. The average amount 
applied per replicate in these tests was 
4.4 ounces, which was as close to 3 ounces 
as could be obtained with the equipment 
and plot size used. Mortalities obtained 
in 3 and 5 days were high. 

Toxaphene gave good control at 2.5 
pounds per acre, but mortalities were 
higher when the dosage was increased to 
3.5 pounds per acre. 

Numerous reports of early season dam- 
age to tobacco by grasshoppers had been 
received, but because of objectionable 
residues aldrin, chlordane, and toxaphene 
could not be recommended on that crop. 
Since parathion had already been recom- 
mended for the control of some of the 
other insects attacking tobacco, it was 
included in the tests to determine its 
possible effectiveness against grasshopper 
infestations in tobacco fields. As shown 
in table 1, the 2-per cent parathion dust 
used at 6.2 ounces per acre gave excellent 
control. 

LarGe-PLot Trsts.—The large-plot 
tests were conducted on private land and 
on the experiment station farm. The 
plots ranged from 0.4 to 1 acre. The first 
series of tests was applied to an abandoned 
year-old tobacco field near Alachua, Fla. 
As the season progressed it became ap- 
parent that the field of hairy indigo in 
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which the small-plot tests were conducted 
contained as many grasshoppers as any 
place in the county. Because of the con- 
venience of using land located on the 
experiment station farm the remaining 
series of large-plot tests were also carried 
on in this field. All materials were applied 
as emulsion sprays. 

Four series of tests were conducted with 
a low gallonage row-crop sprayer mounted 
on a 1-ton truck. This sprayer operated 
at a pressure of 40 pounds per square inch 
and was calibrated to apply 5 gallons 
per acre. The spray boom with 18 nozzles 
covered a swath of 18.5 feet. Materials 
were applied at various times during 
the day. All treatments were replicated 
three times and an untreated plot was 
included. Sweeps of the plots were made 
1 or 2 days before and 3 and 5 days after 
treatment. Results of these tests are given 
in table 2. 

All materials except lindane concentrate 
gave satisfactory results. Dieldrin at 1.5 
ounces, heptachlor and aldrin at 2 ounces, 
toxaphene at 1.5 pounds, and chlordane 
at 1 pound per acre gave exceptionally 
good control 3 or 5 days after treatment. 

Frevp Trests.—In one experiment in- 


secticides were applied to an abandoned 
pasture near Newberry, Fla., with the 
row-crop sprayer just described and with 
a jeep-mounted sprayer having an oscil- 
lating boom blower mounted at the rear. 
The blower sprayer operated at a pressure 
of 40 pounds per square inch and was 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 45, No. 4 


Table 3.—Effectiveness against the american 
grasshopper of some organic insecticides 








ACTIVE Per CENT 
INGREDIENT MortTA.ity 
PER AcrRE Arter $ Days 


MATERIAL 
(EMULSIFIABLE 
CONCENTRATE) 





Dieldrin 18.5% 1.5 oz. 
Aldrin 23% 2 oz. 
Toxaphene 60% 1.5 lbs. 





calibrated to apply 2 gallons per acre. 
The width of the swath covered by this 
machine was 40 feet. The dieldrin was 
applied with the jeep sprayer to approxi- 
mately 16 acres of the abandoned pas- 
ture, while the aldrin and toxaphene were 
applied with the row-crop sprayer to 
approximately 8 acres each. The treat- 
ments were made in the same field and 
were not replicated. An untreated plot 
of approximately 4 acres was left at one 
end of the field. Sweeps of the plots were 
made 3 days before and after treatment. 
The data for these experiments are given 
in table 3. 

Apparently, one machine was as satis- 
factory as the other, and the three treat- 
ments were equally effective. This field 
was revisited approximately 3 weeks after 
the treatment and all sprayed areas were 
still free of grasshoppers. It was possible 
at that time to distinguish between the 
untreated plot and the adjacent treated 
plot within a few feet by the presence or 
absence of grasshoppers. 

The types of equipment used in these 


Table 2.—Effectiveness against the american grasshopper of some organic insecticides applied 


with a row-crop sprayer in large-plot tests. 








Per Cent Morrtauity (THREE REPLICATES) 





ACTIVE 


After 3 Days After 5 Days 





INGREDIENT 
PER ACRE 


MATERIAL 
(EMULSIFIABLE CONCENTRATE) 


Range Average Range Average 





0.4 Acre Plots 


Aldrin 23% 
Toxaphene 60% 
Lindane 20% 


96— 98 
97— 98 
73— 86 


99 
97 


76 


98-100 
94— 99 
62- 91 


97 
97 
80 


0.5 Acre Plots 


97 
96 
95 
91 
91 


95- 
92- 
94— 
79- 
84— 


98 
98 
96 
99 
95 


95-100 
92— 95 
87- 98 
86— 95 
80- 98 
0.8 Acre Plots 
98-100 
97- 98 
1.0 Acre Plots 
97-— 98 
87-100 
94-— 98 


Dieldrin 18.5% 

Heptachlor 24% 
Chlordane 72% 

Toxaphene 60% 
Aldrin 23% 


Dieldrin 18.5% 
Aldrin 23% 


98 
97 


97- 
96- 


99 
98 


96 
96 
91 


93- 
95- 


84-— 


97 
98 
94 


Toxaphene 60% 
Chlordane 72% 
Aldrin 23% 
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experiments all gave satisfactory results. 
Where infestations are spotty or are con- 
fined to fencerows, hand equipment will 
provide satisfactory control if treatment 
is made while the grasshoppers are still in 
clusters or colonies. Thorough dusting or 
spraying of the area occupied by the 
colonies is all that is required. Where the 
infestation is scattered over large areas 
any equipment which can be calibrated 
to apply the required amount of insecti- 
cide per acre can be used satisfactorily. 

SumMary.—Numerous reports of dam- 
age to cultivated crops by the American 
grasshopper, Schistocerca americana 
(Drury), were received from southeastern 
United States in 1950. In 1951 experi- 
ments were undertaken to investigate 
insecticides to control this species in that 
section. 

The investigations were conducted on 
small plots with hand equipment and 
large plots and in the field with power 
equipment. All tests were made on first- 
generation nymphs from May 3 to June 
13. 

Materials used as dusts in the small- 
plot tests were commercial preparations 
containing 2.5 per cent of aldrin at 4.4, 
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9.6, and 10.4 ounces, 10 per cent of toxa- 
phene at 2.55 and 3.45 pounds, 5 per cent 
of chlordane at 1.30 and 1.42 pounds, 
2 per cent of parathion at 6.24 and 9.6 
ounces, 1 per cent of parathion at 3.1 
ounces, and 3 per cent of lindane at 12.5 
ounces of active ingredient per acre. 
Emulsion concentrates applied as sprays 
to the small plots were dieldrin at 1.5 
ounces, aldrin at 5 ounces, and hepta- 
chlor at 4 ounces of active ingredient per 
acre. With the exception of the lindane 
and the 1 per cent parathion dusts, all 
treatments gave satisfactory control of the 
grasshoppers, with average mortalities 
of 91 per cent or higher 3 days after treat- 
ment and 88 per cent or higher in 5 days. 

Emulsion concentrates only were used 
in the large-plot tests and were applied 
at the following rates per acre: Dieldrin 
at 1.5 ounces, heptachlor at 2 ounces, 
aldrin at 2 and 4 ounces, chlordane at 1 
pound, toxaphene at 1.5 pounds, and 
lindane at 0.5 pound of active ingredient. 
With the exception of lindane, all materi- 
als gave average grasshopper mortalities 
of 94 per cent or higher in 3 days and 93 
per cent or higher in 5 days. 
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Host-Plant Resistance as a Factor Influencing Population 
Density of Citrus Red Mites on Orchard Trees’ 


Cuar.es A. FLescuner,? University of California, Citrus Experiment Station, Riverside 


Until recently, the citrus red mite, 
Paratetranychus citri (McG.), has been 
considered native to North America 
(Ebeling 1951). In 1949, however, red 
mites were collected from citrus trees on 
the campus of Lingnan University at 
Canton, China, by J. L. Gressitt of the 
Division of Biological Control of the 
University of California. These mites 
were identified by E. W. Baker of the 
United States National Museum as 
Paratetranychus citri (McG.). After the 
discovery of P. citri in Canton, it was 
found in Japan by Gressitt and in For- 
mosa by T. C. Maa. Since citrus is native 
to the Orient and is the preferred host of 
this mite, it seems quite logical to conclude 


that the citrus red mite is native to the 
Orient. 

The citrus red mite is now one of the 
major pests of citrus in southern Califor- 
nia. The history of this mite and of the 
studies of biological and physical factors 
affecting it has been reported by De- 
Bach et al. (1950). In this report of several 
years of intensive field study, it was 
stated that studies in citrus groves which 
had received no insecticidal applications 
for from 3 to 10 or more years indicated 
that predators were the factors generally 
responsible for the reduction of citrus red 


1 Paper No. 726, University of California Citrus Experiment 
Station, Riverside, California. : . 
2 Assistant Entomologist in the Experiment Station. 
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mite populations, or for the maintenance 
of such populations at low levels. It was 
also pointed out, however, that reductions 
in certain citrus red mite populations in 
the fall of the year were caused by un- 
known factors. In the hope of gaining 
some insight into the nature of these 
“unknown factors,” the present studies 
on host-plant resistance as a factor in- 
fluencing citrus red mite populations were 
undertaken. 

Host-PLant ResistanceE.—The ex- 
pression “host-plant resistance,” as used 
in this paper, refers to the capacity of the 
plant to repel or oppose attack by the 
citrus red mite. Resistance in some citrus 
plants may be so marked that they are 
practically immune to mite attack; in 
others it may be so slight that they are 
highly susceptible. Thus, under favorable 
meteorological conditions, — host-plant 
resistance delimits the ultimate mite 
population attainable on a given plant at 
a given time. 

Host-plant “resistance” must not be 
confused with host-plant “tolerance”’: 
“resistance” is the plant’s capacity to 
oppose mite population increases; “‘toler- 
ance” is the plant’s ability to withstand 
a mite attack of given intensity. For 
example, a plant may be markedly resist- 
ant to mite attack, but its tolerance may 
be so low that even a light infestation of 
mites may cause serious injury. Converse- 
ly, a plant may offer little resistance to 
mite attack, but its tolerance may be such 
that it can withstand a relatively high 
population of mites without being serious- 
ly injured. Examples of both types have 
been observed in the field. 

The citrus plant may offer resistance to 
mites through mechanical means such as 
the thickness or physical condition of the 
cuticle or epidermis, or it may offer 
resistance through biochemical constitu- 
ents of the plant, namely, through the 
presence of toxic or repellent substances 
or the scarcity of certain required nutrient 
materials. 

To date there have been no field studies 
to evaluate the resistance of citrus trees 
to citrus red mite attack in the absence of 
natural enemies. However, as a result of 
experimental studies on the popuiation in- 
crease of citrus red mite associated with 
the use of sprays containing inert granu- 
lar residues, Holloway et al. (1942) con- 
cluded that sprays containing zine caused 
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a significant increase in citrus red mite 
populations. Although predators were not 
eliminated by the zine sprays, the increase 
in mite populations was not attributed 
to biological control factors; neither was 
it attributed to a direct chemical or 
physical stimulus on the longevity or 
egg production of the citrus red mite. 

Henderson & Holloway (1942) con- 
cluded, from laboratory experiments, 
that the citrus red mite produced signifi- 
cantly greater numbers of eggs on young 
and medium-aged leaves than on older 
leaves. 

Whitcomb e¢ al. (1943), working with 
greenhouse plants, reported that the lower 
the pH of the sap of rose and carnation 
plants, the less the time required for the 
common red spider mite to develop from 
hatching to adult. Garman & Kennedy 
(1949), working with bean and peach 
plants grown in sand cultures in the 
greenhouse, showed that either plant 
would produce higher populations of two- 
spotted spider mites when heavily fer- 
tilized. Huffaker & Spitzer (1950), work- 
ing with two-spotted mites on pears, 
state that DDT treatments produced 
an increase of mite populations above that 
occurring on check trees under conditions 
which, though not understood, were not 
explainable on the basis of the natural 
enemies. 

EXPERIMENTAL PROcEDURE.—To de- 
termine the degree of resistance of the host 
plant to mite attack, it was necessary to 
remove the natural enemies of the mites 
without changing the environment in 
any other way. This requirement obvious- 
ly precludes the use of any sort of cover 
or insecticide to protect the mites from 
their natural enemies. In the final analysis 
it was decided to use the tedious, time- 
consuming, but highly effective method 
of removing the natural enemies by hand- 
picking. ‘This method demanded that one 
person give his full attention to a single 
tree from morning until night, 7 days a 
week, for an extended period of time. In 
this manner the natural enemies of mites 
were removed from five trees in five dif- 
ferent groves. ‘lhe time duration for 
which a single tree was under observation 
ranged from 2 weeks to 87 days, a total 
of 231 days being spent in the five ex- 
periments. Data obtained from four of 
these groves are discussed in this paper. 
In the course of these experiments neither 
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disease organisms nor meteorological fac- 
tors, as such, were responsible for reduc- 
tions in mite populations. The general 
reductions which occurred on these trees 
were therefore attributed to host-plant 
resistance. 

The experiments were set up in four 
citrus groves. The Walker grove, located 
in Orange County, near El Toro, Cali- 
fornia, is planted to Valencia orange trees 
that were about 12 years old when the 
experiment was started. The experiment 
was set up on May 15, 1950, and termi- 
nated 47 days later, on July 1. The Bas- 
inger grove is a Valencia orange grove 
near Riverside. The experimental tree 
was a 5-year-old replant. The experiment 
was set up on March 12 and terminated 
June 6, 1951. The Compere grove is a 
20-year-old navel orange grove in River- 
side. The experiment in this grove was 
started on October 3 and terminated 
November 6, 1951. The Utt grove, in 
Oxnard, Ventura County, is planted to 
Allen Eureka lemon trees, which were 17 
years old when the experiment was 
started, in 1949. 

For each experiment two neighboring 
trees were selected for similarity in size, 
age, physical condition, and mite popu- 
lation density. One of the trees was arbi- 
trarily chosen to be used as the experi- 
mental tree; the other was used to study 
the effect of natural enemies on the mite 
populations. Although a study of the 
effect of natural enemies is not an inte- 
gral part of a study of host-plant resist- 
ance, some very interesting information 
was obtained in this manner and will be 
discussed later. 

Once the experiment was started, the 
experimental tree was under constant 
observation all day long, every day, for 
the duration of the experiment. Eight 
twig terminals consisting of two terminals 
from each quadrant of the tree were 
selected for count terminals, tagged, and 
numbered. One of the terminals from 
each quadrant bore leaves about 1 year 
old; the other bore recently matured flush- 
growth leaves. All count terminals were 
between knee and shoulder height. Ants 
were eliminated by pruning the skirts 
of any affected tree and dusting the soil 
around the base of the tree with chlordane. 

The total number of mature female 
mites on the first four fully formed leaves 
of each count terminal was recorded 
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Fic. 1.—Relative degree of host-plant resistance to 
attack by citrus red mite in four citrus groves in 
southern California, 


daily. A separate record was kept of 
counts for each terminal. In addition, 
two count terminals on a given quadrant 
of the tree were selected for more careful 
observation than the others. The first 
four leaves of each of these two terminals 
were numbered from 1 to 4. With the aid 
of a 10X hand lens, the numbers of eggs 
and of young and mature mites on each 
of these leaves were counted daily, in the 
morning and in the late afternoon, and 
separate records were kept for each leaf. 
Thus the morning records could be com- 
pared with the records of the previous 
evening to ascertain whether or not any 
eggs or mites had disappeared during the 
night. (It was soon learned that there 
was little mite or predator activity during 
the night.) 

A constant search was maintained for 
predators on the experimental tree, and 
all predators found within reach of the 
observer were collected in an aspirator. 
The eight count terminals of each tree 
were given special attention and were 
carefully examined at 10- to 15-minute 
intervals throughout the day. The two 
terminals selected for more careful ob- 
servation than the others were kept under 
constant observation except for the peri- 
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odic inspection trip made around the 
tree at 10- to 15-minute intervals. A daily 
record was kept of the total number of 
predators removed, separate records be- 
ing kept for the number of eggs, larvae, 
pupae, and adults of each species of preda- 
tor. At the close of each day, the predators 
that had been collected were released in 
the grove five or six trees away from the 
experimental tree. 

RANGE OF Host-PLANt RESISTANCE. 
The range of host-plant resistance ob- 
served in four experimental citrus groves 
from 1949 through 1951 is shown in figure 
1. It should be pointed out that the units 
of measurement for mite populations are 
not the same for all curves in figure 1. 
In the curve for the Walker grove, each 
unit denotes a mite population of one 
mite; in the curves for the Basinger and 
Compere groves, each unit represents 
10 mites; and for the Utt grove, each unit 
represents 100 mites. If the curve for the 
mite population of the Utt grove were 
shown on the same scale as that for the 
Walker grove, a chart about 40 times the 
height of the present one would be re- 
quired. The curve for the Utt grove de- 
picts the mite population of one tree, from 
October 6 to December 2, 1949. Samples 
were taken from this grove at approxi- 
mately weekly intervals, and predators 
were not removed. The data from this 
grove are used in figure 1 because they 
show that citrus trees are capable of sup- 
porting tremendous population of citrus 
red mites when the host-plant resistance 
is low. All the groves represented in figure 
1 are good producers and receive excellent 
care. 

Each point on the curves in figure 1 
represents the mite population on a 32- 
leaf sample from a single tree. For the 
entire period shown on the graph, natural 
enemies of mites were removed from the 
trees of the Walker, Compere, and Bas- 
inger groves by hand-picking; they were 
not removed from the tree in the Utt 
grove. As shown in figure 1, host-plant 
resistance in the Walker grove was so 
marked that the maximum mite popu- 
lation reached was 8 mites per 32-leaf 
sample; the degree of host-plant resist- 
ance was so low in the Utt grove, how- 
ever, that even though natural enemies 
were present on the tree, the mites at- 
tained a population of 3941 per 32-leaf 
sample. Mite populations in the Basinger 
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grove peaked at 388 mites per 32-leaf 
sample, and in the Compere grove they 
peaked at 220. The discrepancies depicted 
by these four curves certainly represent 
a marked degree of variation in host- 
plant resistance. 

PROGRESS OF AN ARTIFICIAL INFESTA- 
TION OF Cirrus Rep Mires on A HiGHLy 
Resistant Host PuLant.—At the time 
the experiment in the Walker grove was 
started, the mite infestation was very 
low (Fig. 1). Because the population of 
natural enemies was also low, with the 
number of predators found per day on 
the experimental tree ranging from 0 to 
7, it was a simple matter to keep the 
count terminals free of natural enemies. 
It was therefore decided to study the 
progress of an artificial infestation of 
mites on the experimental tree, and on 
May 15 eight terminals free of mites and 
eggs were infested with 10 mature female 
mites on each of the first four fully formed 
leaves—a total of 40 mites on each termi- 
nal. Daily records of eggs and of young 
and mature mites resulting from this 
artificial infestation on one representative 
terminal are shown in figure 2. By May 
25 the mites had deposited a total of 156 
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Fic. 2.—Populations of adults, eggs, and young 

mites resulting from an artificial infestation of 40 

adult citrus red mites on one representative terminal 

of the experimental tree in the Walker Valencia or- 
ange grove, near El Toro, California. 


eggs. The number of young mites hatch- 
ing from these eggs peaked at 131 on 
June 6. Few of the young mites reached 
maturity; some died on the count leaves 
and others crawled away, supposedly 
seeking more satisfactory feeding areas. 
Many of the young mites that crawled 
away were found dead on the older leaves 
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of the terminal, below the count leaves, 
presumably starved to death. However, 
the adults that developed from this first 
generation of young mites produced an 
egg population which peaked at 142 on 
June 20, with a resulting peak of 43 
young on June 30. At this time the adult 
population consisted of 2 mites, a decrease 
of 38 mites from the original 40. Since 
meteorological conditions were favorable 
for mite increases, and since natural 
enemies, including diseases, were not op- 
erative during this experiment, it was con- 
cluded that host-plant resistance was pri- 
marily responsible for the resultant de- 
crease in the adult mite population. 

Somp Errects oF INERT AND CHEMI- 
cAL Resipuges ON Host-PiLant ReEsiIst- 
ANCE TO Cirrus Rep Mires.—Shortly 
after the experiments in the Walker grove 
were started it was perceived that an 
excellent opportunity had presented itself 
to study the effects of various residues 
on host-plant resistance to mite attack, 
and it was decided to test the effect of 
residues of field dust and of zinc-defi- 
ciency and DDT spray materials in this 
respect. 

On June 10 two mite-free terminals 
were treated with DDT, two with zinc, 
two with field dust, and two were desig: 
nated as checks. DDT was applied to the 
twig terminals in a mixture the equivalent 
of 4 pounds of 25 per cent wettable DDT 
to 100 gallons of water. The zinc treat- 
ment was a mixture the equivalent of 
6 pounds of zine sulfate and 3 pounds of 
hydrated lime to 100 gallons of water. 
In order to apply these mixtures to a 
given terminal without contaminating 
neighboring leaves, a 2-quart, wide- 
mouthed Mason jar was three-quarters 
filled with the mixture to be applied, and 
the terminal was momentarily immersed 
in the mixture, care being taken to keep 
the mixture thoroughly agitated all the 
while. The jar was then carefully with- 
drawn until the terminal was just free of 
the liquid, and it was held in this position 
to allow the excess material to drip from 
the terminal back into the jar. In order to 
obtain a heavy deposit of field dust on 
two of the terminals, a handful of dust 
from the field was placed in a dry 2-quart 
jar; the terminal to be dusted was placed 
in the jar, and one hand with thumb and 
forefinger around the stem covered the 
mouth of the jar; the jar was first shaken 


briskly, then held still until the dust had 
settled, and then carefully removed. 

On June 11, one day after the treat- 
ments, and again on June 19, ten mature 
female mites were placed on the first 
fully formed leaf of each of the experi- 
mental terminals, including the checks. 
Daily records were kept of the numbers of 
eggs and of young and adult mites occur- 
ring on each of the first four fully formed 
leaves of each terminal. The daily totals 
of mite eggs obtained from June 12 to 
June 30 from counts on the DDT-treated, 
zinc-treated, and check terminals are 
shown in figure 3. Daily observations and 
the removal of predators were discon- 
tinued on June 30, but weekly records 
were taken from July 1, 1950, through 
January 3, 1951. Weekly records from 
July 1 through November 2, 1950, are 
shown in figure 3. 








Fic. 3.—Total numbers of eggs produced by arti- 

ficial infestations of 20 adult female citrus red mites 

per terminal on two check terminals, on two termi- 

nals treated with a zinc-deficiency spray, and on two 

treated with DDT, on the experimental tree in the 
Walker Valencia orange grove. 


As shown in figure 3, from the first day 
until the end of the experiment there were 
fewer mite eggs on the check terminals 
than on either the DDT-treated or the 
zinc-treated terminals. On June 23 the 
first-generation egg population peaked 
at 145 on the check terminals, at 224 
on the DDT-treated terminals, and at 241 
on the zinc-treated terminals. On June 
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24 all egg populations began to decrease 
as a result of the hatching of the young 
mites. Some of these young mites had 
matured and were beginning to produce 
eggs on July 5, at which time all the egg 
populations began to increase sharply. 
By July 12 this second-generation egg 
population had reached a total of 68 on 
the check terminals, 125 on the DDT- 
treated terminals and 422 on the zinc- 
treated terminals. The third-generation 
egg population peaked on August 2 with 
a total of 4 for the check terminals, 152 
for the zinc, and 230 for the DDT. The 
DDT terminals which had been a weak 
second to the zinc in the second-genera- 
tion egg peak had gained a strong lead 
by the third-generation peak, and this 
they kept for the duration of the experi- 
ment. Although the zinc and DDT termi- 
nals maintained a fair population of 
mites through November 2, the check 
terminals did not at any time after this 
date show an egg population greater than 
10. 

It should be pointed out that the adult 
mite populations, although much smaller 
in numbers, were somewhat proportional 
to the egg populations. Thus the feeding 
of the relatively large number of adult 
mites developing from the high egg popu- 
lation on the zinc-treated terminals very 
likely reduced the nutritional value of 
these leaves to the following generation 
of mites. If this is true, it may account for 
the sharp drop in the third-generation 
egg population peak on the zinc-treated 
terminals. 

Although the data obtained from Octo- 
ber 2, 1950, through January 3, 1951, 
are not shown in figure 8, it is of interest 
to note that by January 3, 1951, the egg 
populations of the check terminals and 
of those treated with field dust and zinc 
were zero; the egg population of the DDT- 
treated terminals, however, was 198 at 
this time. 

The egg populations that developed on 
the terminals treated with field dust (not 
shown in figure 3) were somewhat similar 
to those on the zinc-treated terminals, 
which reached a peak of 495 eggs on July 
27. After this date they were somewhat 
lower than the populations on the zinc 
terminals, and by October 4 they were 
approximately the same as the egg popu- 
lations on the check terminals. 

The data from this experiment indicate 
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that the residues of field dust, zine sul- 
fate-lime deficiency sprays, and DDT 
sprays, lowered the host resistance of 
citrus plants to citrus red mite attack. 
These data also indicate that, after a 
period of time, the DDT spray material 
produced a mutation in the citrus leaves 
which rendered these leaves less resistant 
to citrus red mite attack, and that this 
state of lowered resistance persisted in 
the leaves for a period of more than 7 
months. 

At the same time that the terminals 
were treated to test the effect of field 
dust, DDT, and zinc deposits on the host- 
plant resistance of citrus trees to citrus 
red mite attack, four additional terminals 
were treated (two with zinc and two with 
DDT) to test for the possible transloca- 
tion of any weakening effect of these 
materials on the host-plant resistance. 
The same application procedure was used 
in these tests as in those described above, 
except that the terminal leaves down to 
and including the fourth fully formed leaf 
were not treated. Leaves 5 through 8 
were swabbed with the separate mixtures 
to be tested. The same check terminals 
used in the preceding experiments were 
used for these experiments. Here again 
the artificial infestation of mature mites 
was placed on the first fully formed leaf, 
which in this case, however, was a clean 
or untreated leaf. 

The daily totals of mite eggs obtained 
from the first four fully formed (un- 
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Fic. 4.—Total numbers of eggs produced by arti- 
ficial infestations of 20 adult female citrus red mites 
per terminal on the four untreated leaves growing 
above older, treated leaves on each peach ih Older 
leaves on two terminals were treated with a zinc- 
deficiency spray material, and on two other termi- 
nals were treated with wettable DDT; two un- 
treated terminals were used as checks. All terminals 
were on the experimental tree in the Walker Valencia 
orange grove, 
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treated) leaves of the respective terminals 
from June 12 through June 30, and the 
weekly totals obtained from July 1 
through November 2, 1950, are shown in 
figure 4. For the first 45 days, the check 
and test terminals agreed closely in total 
numbers of eggs produced. These results 
might well be expected, since none of these 
leaves were treated. After 46 days, how- 
ever, the numbers of eggs produced on 
the untreated leaves on the same terminal 
with the DDT-treated leaves were far 
in excess of those produced on the check 
or zine-treated terminals. Though not 
shown in figure 4, weekly samples of egg 
populations on these terminals were taken 
through January 3, 1951. On this date 
the total egg population on the untreated 
leaves above the DDT-treated leaves was 
126, whereas the egg populations on both 
the check and the zinc-treated terminals 
were zero. The high egg population on the 
leaves above the DDT-treated leaves 
could not have been due to inhibited 
predator activity, since these leaves 
were untreated; furthermore, the DDT 
deposit on the lower leaves at this time 
was no longer effective against the natural 
enemies. Therefore, these experiments in- 
dicate that there is some translocatable 
change produced by DDT in citrus leaves 
which serves to lower the resistance of 
the plant to attack by citrus red mite. 

GENETICS AS A Factor in Hosr- 
Putant ResistaNce.—It has long been 
known that some species of citrus are 
less resistant to citrus red mite attack 
than others. Ebeling (1951) states that 
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Fic. 5.—Effect of host-plant resistance on popula- 

tion density of adult citrus red mites on two neigh- 

boring trees in the Basinger Valencia orange grove, 

Riverside, California. Mite predators were present 
on one tree and absent from the other. 
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lemon appears to be the preferred host, 
but that orange and grapefruit may also 
be severely attacked. 

There is good evidence that intra- 
specific variation in inherited host-plant 
resistance may be rather marked. One out- 
standing example was observed in a 
nursery planting on the Hardison Ranch 
Company property in Santa Paula. In 
one of the nursery rows a number of 
nucellar seedlings of lemon treees are 
gone side by side in pairs supposed to 

e genetically identical. Each pair origi- 
nated from a different parent lemon tree. 
For a period of several months the citrus 
red mite population on one pair was ap- 
proximately ten times higher than that 
found on any of the other pairs. Since all 
these trees were in the same nursery row 
and all were subject to the same meteoro- 
logical conditions and natural enemy ac- 
tivity, and, especially, since both mem- 
bers of the one pair had excessively high 
mite populations, it seems reasonable to 
assume that the difference in host-plant 
resistance in this case was due to genetic 
factors. 

INTERACTION BETWEEN Host-PLANt 
RESISTANCE AND PREDATOR ACTIVITY IN 
THE NATURAL ContTROL oF Citrus Rep 
Mirss.—Since, under favorable meteoro- 
logical conditions, host-plant resistance 
determines the potential population of 
citrus red mites attainable on a given 
plant, the influence of natural enemies 
must be effected at or below this popula- 
tion potential. For instance, if host-plant 
resistance would not permit a mite popu- 
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Fic. 6.—Population density of adult citrus red mites 

on two neighboring trees in the Compere navel or- 

ange grove, Riverside, California. Mite predators 

were present on one tree and absent from the other. 

Mite reduction due entirely to action of natural 
enemies, 
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lation greater than four mites per leaf, 
then the mite population would not in- 
crease beyond this point even in the total 
absence of natural enemies; but any popu- 
lation of four mites or less per leaf on such 
a plant could be reduced by an effectively 
working population of natural enemies. 

An example of a mite population which 
was restricted by host-plant resistance 
and was not significantly reduced by the 
natural enemy complex operative within 
the grove is shown in figure 5 (Basinger 
Valencia orange grove). Figure 6 (Com- 
pere navel orange grove) shows a mite 
population which was strikingly reduced 
below the extreme tolerated by host- 
plant resistance. This marked reduction 
was due entirely to the action of natural 
enemies. In each of these figures the two 
curves represent the mite population den- 
sities on two neighboring trees of the same 
age. Natural enemies of mites were kept 
from one of the trees by hand-picking 
throughout the periods shown in the 
figures; the enemies had free access to 
the other tree at all times. 

As shown in figure 5, there was no 
significant difference between the mite 
populations on the two trees in the Basin- 
ger grove at any time. The predator 
activity in this grove at this time was not 
sufficient to reduce the mite population 
below the extreme tolerated by host- 
plant resistance. In figure 6, however, it 
may be seen that, where predator activity 
was permitted, it quickly reduced the 
mite population to approximately zero, 
whereas the mite population remained 
relatively high on the tree from which 
the predators were removed. In this grove, 
the action of mite predators saved the 
grower the cost of a mite treatment. 

Discussion.—The inferences from the 
results of these experiments may seem to 
be supported by rather meager data, but 
owing to the detailed type of sampling 
technique, e.g., the counting of the num- 
bers of mite eggs twice daily on individual 
leaves, and the constant vigilance de- 
manded by the search for predators, it 
was impossible to use a greater number of 
replicates of sample units. During the past 
two years many experiments, both field 
and laboratory, have supported the gener- 
al indications given in this paper. 

Some general hypotheses may be drawn 
from these experimental data. For in- 
stance, when the mite population in the 
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Basinger Grove (Figs. 1 and 5) began to 
decline, the decrease was more or less 
proportional on all ages of leaves. Hence 
we may hypothesize that this reduction 
was not due to mechanical resistance such 
as thickness of cuticle or epidermis, but 
was due to some change in the amount or 
condition of the nutrient material which 
the mites obtained from the leaves. The 
delayed effect of DDT in causing a lower- 
ing of the resistance of the citrus plant 
to mite attack could operate in a like man- 
ner. 

In cases in which the inert residues 
lowered host-plant resistance, it may be 
hypothesized that these materials modi- 
fied the leaf surface in some manner, 
e.g., by inducing an increase drate of trans- 
piration, so as to create a more suitable 
ovipositional substrate. In any event, 
it is indicated that various types of dust 
deposits lower the host-plant resistance 
to citrus red mite attack, and that physio- 
logical changes within the plant have a 
marked effect on such host-plant resist- 
ance. 

The proper manipulation of these 
various factors may be of utmost impor- 
tance in achieving satisfactory biological 
control of the citrus red mite, not only 
because of the effect on host-plant resist- 
ance, but also because of the effect on 
another important factor which will be 
discussed in a later paper, namely, mite- 
predator ratio. For these reasons, present 
studies on the biological control of the 
citrus red mite in southern California 
include experiments on the effects of such 
factors as fertilization, cover crops, soil 
condition, and overhead sprinklers on 
the natural balance of citrus red mite 
populations. 

SumMAryY.—The removal of natural 
enemies of citrus red mites by hand-pick- 
ing from individual trees over extended 
periods of time, has shown that the degree 
of host resistance of citrus plants to citrus 
red mite attack ranges from almost com- 
plete immunity to marked susceptibility. 
There are. indications that deposits of 
field dust and of zine-deficiency and DDT 
spray materials lower the host-plant 
resistance to mite attack through certain 
physical properties of these materials. 
There are also indications that the DDT 
spray material produces some change 
within the citrus leaves which causes a 
lowering of the host-plant resistance 
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some time after application, and that 
the changes developed within the citrus 
leaves are translocated from older to 
younger leaves. 

Intraspecific variation in host-plant 
resistance was observed. Young citrus 
leaves tend to have less resistance to 
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mite attack than older leaves. The action 
of natural enemies may reduce a citrus 
red mite population to approximately 
zero, even though the host plant offers 
relatively little resistance to attack by 
citrus red mite. 
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Seasonal Populations of Cabbage Caterpillars in 
the Charleston, S. C., Area 


W. J. Ret, Jr., and C. O. Barr, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


During a study of factors influencing 
infestations of the different species of 
lepidopterous larvae that attack cabbage, 
a systematic count of insect populations 
was made in representative fields in the 
Charleston, S. C., area over a 4-year 
period (fall of 1935 through spring of 
1939). Most of these fields were operated 
by independent growers who applied 
various insecticides—arsenicals, cryolite, 
and rotenone-containing dusts—whenever 
in their opinion such applications were 
warranted. In some fields insecticides 
were not used. Records were simply made 
of existing conditions, and growers were 
not specifically advised in the selection 
of insecticides or in the method or time 
of applying them. Bare (1940) discussed 
the diverse control practices employed 
and, by determining the crop losses due 
to attack of caterpillars, demonstrated 
that these practices were inadequate. 
This inadequacy seemed to be due in part 
to ineffective timing of insecticide applica- 
tions, which requires, among other things, 
a knowledge of the seasonal occurrence 
of injurious infestations. The present 
paper shows the seasonal trend of cater- 


pillar populations, by species, in the 
cabbage fields under observation and 
how if affects the problem of formulating 
more effective control measures. 

In the vicinity of Charleston two crops 
of cabbage are produced each year, the 
fall and the spring crops, the growing 
periods of which often overlap in mid- 
winter. The fall crop is seeded in the open 
fields from the last of July until early in 
September and is harvested in November, 
December, and January. The spring crop 
is usually seeded in open plant beds in 
October and November, the plants are 
transferred to the field from about the 
last week of November through the first 
week of February, and the crop is har- 
vested more or less continuously from the 
last week of March through the last week 
of May and occasionally until about the 
middle of June. 

The survey described in this paper 
covered the 8 crop seasons between the 
summers of 1935 and 1939. 

Mernops.—Of the total of 8 cabbage 

1 In cooperation with the South Carolina Agricultural Experi- 
ment Station. Credit is due C, F. Stahl, L. B. Reed, and Chas. 


E. Smith, of the Bureau of Entomology and Plant Quarantine, 
for important contributions. 
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Fic. 1.—Average weekly mean temperatures in relation to the population of cabbage caterpillars that sur- 
vived commercial control practices, in the vicinity of Charleston, S. C., 1935-39. A. Temperature; B, insect 
populations. 


crops involved, 4 were grown in the spring 
and 4 in the fall. One hundred plants, in 
4 adjoining rows of 25 consecutive plants 
each, composed a block. Two such blocks 
were staked off in each field, being located 
at random in diagonally opposite quarters. 
The fields differed in size, in the variety 
and age of the cabbage plants, and in 
cultural and insecticidal treatment. These 
blocks included a total of 5400 plants in 
27 fields on the farms of 17 growers dur- 
ing the 8 crop seasons. Five fields were 
under observation during each of the first 
4 seasons, from the fall of 1935 through 
the spring of 1937, 2 fields in the fall of 
1937, 3 in the spring of 1938, and one each 
in the fall of 1938 and the spring of 1939. 

The numbers of larvae and pupae of 
each species present on each plant selected 
for study were recorded weekly. The 
counts were begun on the fall crop after 
the plants had been thinned to the desired 
stand and on the spring crop after the 
transplants had become established. The 
counts were continued until the plants 
were harvested. The larvae were classed 
as small, medium, and large. As soon as 
counting and recording were completed, 
the fully grown larvae and the pupae were 
removed from the plants. 


Supplementary observations were made 
on 100 cabbage or collard plants each 
week during the summers of 1937 and 1938, 
during January 1938, and during January, 
February, June, and July 1939, to obtain 
data for those periods of the year when 
there were no commercial plantings of 
cabbage under observation. 

PRESENTATION OF Data.—The aver- 
age number of larvae and pupae per 100 
plants found on commercial-crop plants 
during the various seasons, together with 
the number of plants involved and the 
average prevailing mean temperatures, 
are shown by weeks in table 1. Data for 
several weeks have been omitted from this 
table because of the accumulation of days 
exceeding 4 weeks in each month. Such 
a method of combining the observations 
of the various seasons does not give equal 
weight to each week and season, because 
of variations in the number of plants 
examined, this variation being due to 
differences in the number of fields in- 
volved and also to gradual harvesting of 
the plants. The grouping, as presented, 
serves the purpose of this paper, however, 
by giving a general picture of the cater- 
pillar populations under prevailing condi- 
tions during the seasons involved. 
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Table 1.—Average weekly sepeaetene of cabbage caterpillars that escaped commercial control 


practices on cabbage in vicinity o 


Charleston, Ss. C., 1935-39. 
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1 Weighted in accordance with number of plants examined. 


The seasonal trend of the populations 
of the more abundant species on commer- 
cial-crop plantings and the prevailing 
average weekly mean temperatures are 
shown in figure 1. 

Discussion.—Considering the com- 
mercial-crop seasons as a whole and the 
control practices used, the cabbage looper 
(Trichoplusia mnt (Hbn.)) and the 
diamondback moth (Plutella maculipennis 
(Curt.) ) were the most abundant of the 
Lepidoptera found on cabbage in the 


Charleston area, the diamondback moth 
being slightly more numerous than the 
looper. The other species found were the 
imported cabbageworm (Pieris rapae 
(L.) ), the Agrotinae,! and the cabbage 
webworm (Hellula undalis (F.) ). Data 
pertaining to the cabbage webworm were 
not included in table 1 and figure 1, be- 
cause of the small numbers found on the 


1The corn earworm, Heliothis ay vy (Hbn.), the fall 
armyworm, Laphygma frugiperda (A. & S.), and several species 
of cutworms. 
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commercial plantings after the plants were 
thinned or transplanted. Supplementary 
observations indicated that the cabbage 
webworm is an important pest of seedling 
plants of the fall crop and are most abun- 
dant during the latter half of July, all of 
August, and the first week of September. 
An occasional webworm was found until 
the first week of November. 

Inasmuch as the plants involved in this 
survey were subjected to the insect-con- 
trol measures practiced by various 
growers, most of whom used insecticides 
at some time during the growth of the 
crop, the data given in table 1 are regarded 
only as an indication of the seasonal 
trends and peaks of caterpillar infesta- 
tions on cabbage in the Charleston area 
under the existing conditions. They also 
show the approximate time when addi- 
tional control measures should be under- 
taken, and against what species they 
should be directed. The data should not 
be considered as a true index of condi- 
tions that would have prevailed had no 
control measures been used. It was evi- 
dent from field observations that the 
development of the infestations was re- 
tarded by the insecticide applications, and 
that some species were affected more than 
others, depending on the insecticide ap- 
plied. For example, the imported cabbage- 
worm seemed to be more susceptible than 
the others to all the insecticides, and the 
Agrotinae were resistant to pyrethrum 
and rotenone, as reported by Reid et al. 
(1941). 

After the thinning of the fall-crop 
plants, which is usually done in Septem- 
ber, the cabbage looper and the Agrotinae 
comprised practically the entire cater- 
pillar population. An occasional cabbage 
webworm was found, and that species 
had evidently been much more abundant 
during the seedling stage. The average 
peak of the cabbage looper infestation of 
the fall crops occurred during the first 
and second weeks of November and that 
of the Agrotinae during the third and 
fourth weeks of September (Table 1). 
When all species were considered together, 
it was evident that the caterpillar popula- 
tion on the fall crop reached high points 
during the latter half of September and 
again during the first half of November. 

On spring-crop plants, after they had 
been transplanted to the field, the dia- 
mondback moth was the most numerous 
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species, the cabbage looper next in abun- 
dance, and the imported cabbage worm 
third, all these species appearing in ap- 
preciable numbers. The average peak of 
the diamondback moth population came 
during the first week of May and that of 
the cabbage looper and the imported 
cabbageworm covered the greater part of 
that month. The two last-named species 
were slightly more abundant in June than 
in May, but these populations occurred 
on plantings being grown later in the 
season than was the bulk of the commer- 
cial crop. The peak of the combined pop- 
ulation of the commercial spring crop 
came during the first week of May. 

All the five species mentioned hereto- 
fore were found throughout the summer 
on either cabbage or collards, plantings 
of which were very scarce at that time of 
year. The looper and the diamondback 
moth were found on commercial cabbage 
plantings during the greater part of mid- 
winter, but in greatly reduced numbers, 
as compared with the spring and fall 
populations. Occasional Agrotinae and 
imported cabbageworms also were taken 
during mid-winter. 

The average combined population of all 
species showed a marked decrease when 
average weekly mean temperatures fell 
to or below about 50° F. after the middle 
of November. The population remained at 
a comparatively low level until weekly 
mean temperatures were consistently 
above about 60°. The upward trend of in- 
festations usually began during the latter 
half of March. Control measures were 
found to be worth while when the cater- 
pillar population reached an average of 
about one caterpillar per plant (100 cater- 
pillars per 100 plants), which usually 
occurred about the third week of April 
during the course of the studies. 

Apparently the conditions of mean 
temperature and caterpillar population 
indicated in table 1 and figure 1, with the 
exceptions noted regarding the effects of 
the insecticides used, represent about 
what might be expected during an aver- 
age season in the Charleston area. Other 
than the unusual abundance of Agrotinae 
during the fall of 1935, there were no 
particularly abnormal conditions of tem- 
perature or of caterpillar population while 
the survey was in progress. Average mean 
temperatures prevailing in the cabbage- 
growing area during the critical months 
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from November to April over the entire 
period of the survey were 56.5°, 46.6°, 
51.6°, 54.6°, 58.4°, and 63.6° F., as com- 
pared with the 68-year means of 58.2°, 
51.5°, 50.6°, 52.1°, 57.8°, and 64.8° for 
the same months, as recorded by the 
Weather Bureau (1939) in Charleston. 
The difference of 0.6° per month between 
the locations was to be expected. 

That different caterpillar populations 
from those described in this paper can ke 
expected in the Charleston area under 
more abnormal temperatures was demon- 
strated during the unusually mild winter 
of 1931-32. Weather Bureau records 
(1931 and 1932) show that there was no 
killing frost that winter until March 10, 
and that the monthly mean temperatures 
fom November 1931 to April 1932 were 
63.0°, 61.3°, 60°, 60°, 55.4°, and 66.2° F. 
In other words, such temperatures did 
not go below 50° and were below 60° only 
in March, when the caterpillar popula- 
tions had reached very high levels. 

Severe injury by the cabbage webworm 
to young cabbage plants in plant beds 
was observed in December 1931 in the 
Charleston area. The diamondback moth 
also was present in plant beds that month, 
and continued to breed throughout the 
winter and spring, reaching extremely 
high population levels (as many as 50 
larvae on one collard leaf) and caused 
severe damage to 75 per cent of the 
spring-crop cabbage plantings. Ninety per 
cent of the plants in individual fields were 
heavily infested. 

Cabbage caterpillar populations were 
observed during the survey to have been 
influenced by several factors besides tem- 
perature, chiefly the generation cycles of 
the various species, the stage of develop- 
ment and condition of the plants, the 
amount and distribution of rainfall, the 
nearness of a planting to sources of in- 
festation, and the magnitude of the initial 
infestation. 


SumMary.—A study was made of sea- 
sonal populations of the caterpillars at- 
tacking cabbage in representative com- 
mercial plantings in the Charleston, S. C., 
area, to most of which growers applied 
the usual control practices. The survey 
extended from the fall of 1935 through the 
spring of 1939—eight crop seasons—and 
and included a total of 5,400 plants. Each 
plant was examined each week during its 
period of growth from the time of thin- 
ning or transplanting to harvest or pre- 
mature death. This article describes find- 
ings regarding the seasonal trends of the 
caterpillars under the existing conditions 
and indicates the time when additional 
control measures are needed and against 
what species they should be directed. 

The results of the survey indicated that 
the cabbage looper, several species of 
Agrotinae, and the cabbage webworm 
were the insects most abundant on the 
fall-grown crops, with their infestation 
peaks coming during the latter half of 
September and the first half of Nov- 
ember. On the spring-grown crops the 
diamondback moth, the cabbage looper, 
and the imported cabbageworm were the 
most numerous, in the order named. The 
diamondback moth was most abundant 
during the first week of May, and the 
other two species were numerous through- 
out that month. All the species mentioned 
were found in limited numbers during 
midsummer on the few cabbage and col- 
lard plantings then present. The cabbage 
looper and the diamondback moth oc- 
curred on commercial cabbage plantings 
throughout the winter months, but in 
greatly reduced numbers after the weekly 
mean temperatures fell below about 50° F. 
Caterpillar populations then remained at 
a comparatively low level until after week- 
lv mean temperatures were consistently 
above 60°, which usually occurred after 
the last week in March. 
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Longevity of Parathion and Related Insecticides 
in Spray Residues' 


Jack E. Fangy, D. W. Hamitton, and Roy W. Rivas,? U. S. D. A. Agricultural 
Research Administration, Bureau of Entomology and Plant Quarantine 


Parathion was first distributed as an 
experimental insecticide in this country 
in February of 1947. King and Hutson 
(1948 and 1949) demonstrated the rapid 
loss of parathion residues from apples. 
Hamilton (1948) showed that, when 
parathion was applied to pear trees for 
control of the pear psvlla, Psylla pyricola 
Foerst, the fruit and foliage lost approxi- 
mately 75 per cent of the parathion resi- 
due during the first 7 days. Snapp (1949), 
Ginsburg et al. (1950), Decker et al. (1950) 
and Westlake & Fahey (1950) similarly 
demonstrated the dissipation of para- 
thion from spray residues on the fruit and 
foliage of miscellaneous crops. ‘The rapid 
dissipation of parathion from spray resi- 
dues is a definite advantage when con- 
sidered from the viewpoint of residues on 
harvested crops, but a disadvantage from 
the viewpoint of residual action of the 
toxicant in insect control. 

Since 1947 two chemicals closely re- 
lated to parathion, methy] parathion and 
EPN, have been distributed as experi- 
mental insecticides, and formulations of 
these chemicals are now being recom- 
mended for control of the same general 
group of insects as is parathion. These 
three chemicals differ but little in molec- 
ular structure. Methyl parathion has two 
methyl groups substituted for the ethyl 
groups of parathion, and in EPN a ben- 
zene ring is substituted for one of the 
ethoxy groups of parathion. From this 
similarity of structure it would be ex- 
pected that these chemicals would have 
similar physical properties. Methyl para- 
thion, having a lower molecular weight 
than parathion, would be expected to 
have a higher vapor pressure and there- 
fore volatilize more rapidly. On the other 
hand, EPN has a higher molecular weight 
than parathion and would be expected 
to have a lower vapor pressure and volatil- 
ize less rapidly. 

It is the purpose of this paper to report 
further studies on the longevity of para- 
thion spray residues on apple foliage and 
the relative longevity of parathion, methyl 
parathion, and EPN residues on apple 





foliage and peaches. Metacide, a mixture 
of parathion and methyl parathion, was 
included in these tests. 

Meruop or Sampiine.—Foliage sam- 
ples consisted of four 25-leaf replicates, 
one taken from each side of single-tree 
plots. These samples were taken from the 
ground level at random so that foliage in 
both protected and unprotected areas of 
the tree was included. The samples were 
carefully weighed within an hour after 
their removal from the tree, and the resi- 
dues calculated to parts per million by 
weight. Mature apple foliage was found 
to contain approximately 50 square centi- 
meters of leaf per gram; thus 100 parts 
per million would approximate 2 micro- 
grams per square centimeter of leaf. 

Fruit samples consisted of duplicates 
of 15 to 25 peaches each, depending upon 
the size (either 25 fruit or a sufficient num- 
ber to fill a 1-gallon jar). ‘lhe fruit was 
also taken at random from the ground 
level. 

Chemical Analysis.—The Averell-Nor- 
ris (1948) method for the analysis of para- 
thion was employed for the analyses of 
all samples. In the analyses of methyl 
parathion and EPN residues purified 
samples of these chemicals were used as 
reference standards, 

PaRaTHION ReEstIDUES ON APPLE 
Fou1ace.—tThe rate of loss of parathion 
from spray residues demonstrated by 
various investigators suggests that sig- 
nificant changes in parathion concentra- 
tion in residues may take place within the 
first few hours after a spray application. 
To study this possibility, on June 6, 1949, 
a single apple tree was sprayed with a 
suspension containing 3 pounds of 25 per 
cent parathion wettable powder to 100 
gallons of water, and 1 hour later, when 
the foliage had dried, a foliage sample 
was taken for residue analysis. ‘1 he analy- 
sis of this sample indicated a deposit of 
736 parts per million of parathion 1 hour 

1 Presented at the meeting of the American Association of 


Economic Entomologists, Cincinnati, Ohio, December 10-13, 
1951. 

2? Mr. Rings is employed cooperatively by the Bureau of 
Entomology and Plant Quarantine and the Ohio Agricultural 
Experiment Station, Wooster, Ohio. 
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after application, or approximately 15 
micrograms per square centimeter of leaf. 
Sampling was repeated at 2 and 10 hours 
and after 1, 2, and 4 days. During the 
period of study the average daily tempera- 
ture ranged from 61.2° to 83.4° F., and 
there was no rainfall. 

In figure 1 the per cent of parathion 
residue retained after each sampling is 
plotted against the log of time. The close 
approximation of the points on the curve 
to a straight line indicates that, in the 
absence of rainfall and during a period of 
uniform temperatures, the loss of para- 
tion from deposits is a function of the 
log of the time elapsed. This figure also 
emphasizes the very rapid loss of para- 
thion from a deposit. 


FAHEY ET AL.: LONGEVITY OF PARATHION IN RESIDUES 
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Fig. 1.—Per cent of parathion residues retained on 
apple foliage, 1949. 


ResipuES OF PARATHION AND RE- 
LATED INSECTICIDES ON APPLE FOLI- 
AGE.—In 1950 a study was made of the 
longevity of residues on apple foliage re- 
sulting from the application of the follow- 
ing insecticides (quantities per 100 gal- 
lons): 

Parathion 15% wettable powder, 3 pounds. 

Methyl parathion 35% and Triton X-100 3% in 

xylene, 1 pint. 

Metacide, 1 pint. 

EPN 25% wettable powder, 1.5 pounds. 


A single tree was sprayed with each 
insecticide on June 8, July 12, and Sep- 
tember 18. The sprayed trees were sepa- 
rated by at least two rows of unsprayed 
trees. Foliage samples were taken for 
residue analyses as soon as the spray had 
dried and 1, 2, 4, 7, and 14 days after 
each application. The average daily tem- 
perature and total accumulated rainfall 
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for the three periods of study were as 
follows: 

Rainfall 
(inches) 
3.39 
2.61 
3.10 


Temperature 
Date (°F.) 
June 8 
July 12 
Sept. 18 


65 .6-81.4 
67 .5-82.8 
57.8-73.8 


Table 1 shows the initial deposits of 
these insecticides on apple foliage and the 
percentages of these deposits retained dur- 
ing the three study periods. Figure 2 
demonstrates graphically the relative 
persistence of the four toxicants in the 
residues. Metacide and methyl] parathion 
show poorer retention than parathion 
during the first 4 days of weathering, but 
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Fie. 2.—Longevity of parathion, methyl parathion, 
and EPN residues on apple foliage, 1950. 


the differences after 7 and 14 days are 
negligible. On the other hand, the longev- 
ity of EPN in spray deposits is greater 
than that of parathion. 

REsIDUES OF PARATHION AND EPN 
oN Pracues.—Experiments for control 
of peach insects afforded an opportunity 
for comparing the longevity of parathion 
and EPN residues on. peaches. Two 
orchards, one in northern Ohio and the 
second in southern Indiana, were used in 
this study. The variety of fruit, weather 
conditions, and spray treatment were 
different in each orchard. 

In an orchard in northern Ohio Elberta 
peaches were sprayed three times—on 
July 5 and 21 and August 10. One plot 
was sprayed with 2 pounds of 15 per cent 
parathion wettable powder and a second 
plot with 1 pound of 25 per cent EPN to 
100 gallons. The average daily tempera- 
ture range in this orchard was 59.9°— 
77.8° F. during the period of study, and 
the total rainfall was 5.7 inches. 
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Table 1.—Residues of parathion and related 
insecticides retained on apple foliage, 1950. 
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Table 2.—Parathion and EPN residues (ppm) 
on peaches in two orchards, 1950. 














Per Cent or Initiau Deposit 
Rerarnep AFTER 








Dateor InitaL —— - 
AppLi- Deposit 1 2 7 14 

CATION (P.P.M.) Day Days Days Days Days 

Parathion 
June 8 250.2 37.2 26.8 13.2 — 1.9 
July 12 144.5 44.1 — S:7  34...1,6 
Sept. 12 156.2 $9.2 25.3 = oe mee 
a oe) 2S. 3 OF. 6 8.8 
ethyl! parathion 
June 8 138.1 80.1 8 — 8.6 
July 12 132.7 $1.6 _ m.7 4A 2.1 
Sept. 12 72.2 $9.0 19.0 10.9 5.3 4.6 
Average 33.2 24.3 12.0 4.7 3.4 
Metacide! 
June 8 216.8 24.6 16.7 138.3 — 1.8 
July 12 166.8 24.3 — 9.5 4.6 1.5 
Sept. 12 108.2 30.9 14.9 10.4 4.8 $3.1 
Average 26.7 15.8 11.1 4.7 2.1 
EPN 

June 8 258.5 60.4 61.7 43.9 — 8.4 
July 12 262.7 55.1 _ $2.6 8.6 3.0 
Sept. 12 235.2 63.7 29.5 12.8 8.2 5.8 
Average 59.7 45.6 29.8 8.4 5.7 





1 Calculated as methy! parathion. 


In southern Indiana an orchard of 
Henner’s Hale peach trees was sprayed 
seven times—on April 17 and 26, May 8, 
16, and 25, June 7, and July 14. One plot 
was sprayed with 1.5 pounds of 15 per 
cent parathion wettable powder and a 
second plot with 1 pound of 25 per cent 
DPN to 100 gallons. The average daily 
temperature range in this orchard was 
66.1°-81.6° F. during the period of study 
and the total accumulated rainfall was 
3.3 inches. In both orchards samples of 
peaches were collected for residue analysis 
on the day of the last spray application 
and at various intervals thereafter, for 
29 days in Ohio and 36 days in Indiana. 

Table 2 shows the results of these 
analyses. The initial deposits of parathion 
in the two orchards show a close agree- 
ment when the difference in dosage is 
taken into account. On the other hand, 
the EPN residue on peaches from Ohio 
was four times as great as on peaches from 
Indiana. This difference may be partially 
accounted for by the additive effect of 
three sprays applied over a 36-day period 
in Ohio. The final residues in Indiana were 
very low, less than 0.1 ppm. of parathion 
and only 0.12 ppm. of EPN. The peaches 
from the Ohio orchard carried 0.2 ppm. of 
parathion and 1.5 ppm. of EPN in the 
final sample. 

Figure 3, showing the per cent of initial 
deposits retained on peaches from these 
plots at various sampling dates, permits 
a rapid comparison of the longevity of 








Days NorTHERN On10 SOUTHERN INDIANA 
AFTER 
Spray Parathion EPN Parathion EPN 
0 4.3 8.3 3.03 2.05 
1 4.1 7.9 — — 
2 2.9 8.2 _ _— 
$3 — —_ 0.68 0.64 
4 2.6 7.8 — — 
7 — —_— 0.19 0.38 
8 1.6 5.6 —_ —_— 
14 — — 0.17 0.40 
15 0.8 2.9 _ _ 
27 — —_ 0.04 0.14 
29 0.2 1.5 _— — 
36 _— —_ 0.03 0.12 





parathion and EPN residues in these two 
orchards. The rate of loss was much 
greater in Indiana than in Ohio. This 
difference is accounted for by the differ- 
ence in temperatures between the two 
orchards. In both orchards EPN residues 
persisted at higher concentrations than 
the parathion residues. The difference in 
longevity was greater between orchards 
than between insecticides. 

SuMMARY.—Studies of parathion depos- 
its on apple foliage show that, during 
periods of uniform temperature and in 
the absence of rainfall, the rate of loss of 
parthion from spray deposits is a function 
of the log of the time elapsed. 

In a comparison of the longevity of 
parathion, methyl parathion, Metacide, 
and EPN in spray deposits on apple foli- 
age, EPN was dissipated less rapidly than 
parathion, parathion was lost less rapidly 
than methyl parathion or Metacide dur- 
ing the first 4 days of weathering, but 
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Fic. 3.—Longevity of parathion and EPN spray 
residues on peaches in two orchards, 1950. 
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there was no difference in retention after 
7 days of weathering. 

On peach fruits the rate of loss of para- 
thion and EPN was much greater in 
southern Indiana than in northern Ohio. 


SMITH ET AL.: RESIDUES OF PHOSPHORUS IN GREENHOUSES 


70% 


Although the persistence of EPN was 
greater than that of parathion, the differ- 
ence between the two widely separated 
orchards was greater than between in- 
secticides. 
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Residues of Organic Phosphorus Compounds and DDT 
on Greenhouse Vegetables 


Fioyp F, Smitu, Frep I. Epwarps, Pau Giana, and R. A. Fuuron, Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Aerosols containing DDT, HETP or 
TEPP, parathion, and sulfotepp have 
been widely used against pests of green- 
house ornamental crops (Smith et al. 
1947, 1948, 1950). 

In 1948 HETP or TEPP was first gen- 
erally used on greenhouse tomatoes and 
cucumbers for the control of spider mites, 
white-flies, and aphids, whereas DDT was 
used for the control of thrips, the tomato 
pinworm, Kieferia lycopersicella (Busck), 
the corn earworm, Heliothis armigera 
(Hbn.), and cucumber beetles. Because 
parathion was highly effective against 
these pests and also against many other 
insects attacking greenhouse vegetable 
crops, the growers began using this 
chemical as an all-purpose pesticide. 
Later sulfotepp was also used to some 
extent because of its effectiveness against 
whiteflies and aphids. 

Although many investigations on par- 
athion residues on orchard and vegetable 
crops have been reported (Decker et al. 
1950, Ginsburg et al. 1950; Hamilton 
1948; King & Hutson 1948, 1949; Snapp 
1949; and Sloan et al. 1951), none on 
residues of parathion, sulfotepp, or DDT 
on greenhouse vegetables have come to 
the writers’ attention. 


This paper is a report of investigations 
on residues from aerosol and soil applica- 
tions of parathion and of aerosols of sulfo- 
tepp and DDT that were conducted in 
greenhouses at Beltsville, Md., since 
1948. Tests were made on both spring and 
fall crops of wilt-resistant strain No. 5 of 
Globe tomatoes, White Spine cucumbers, 
and Grand Rapids leaf lettuce. The crops 
were grown in ground beds, the vine 
crops being supported by stakes as in 
commercial greenhouses. 

Mernops.—Parathion in aerosols was 
applied at the recommended rate of 1 
gram per 1000 cubic feet of space, while 
DDT and sulfotepp in aerosols were 
applied at a 0.5-gram dosage, all in green- 
house units of 7000 cubic feet capacity 
and 750 square feet of surface area. At the 
0.5-gram dosage the deposit was 4.67 
mg. per square foot or 7.17 ounces per 
acre. 

Usually the aerosols were applied at 
dusk when the ventilators were closed and 
were left until morning for an exposure 
period of 12 to 15 hours. In certain tests 
the applications were made during the 
day and the ventilators were opened 
after 2 or 4 hours. 

Parathion in a 25-per cent wettable 
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powder was also applied to the soil 
beneath a mulch on the bed surface and 
was worked into the upper inch of soil. 
Dosages were those recommended for 
control of garden centipedes (‘Thomas 
1949) and also higher ones approaching 
the limit tolerated by the plants. 

For purpose of analysis 20 clusters of 
tomatoes with fruits of similar size and 
development were selected in various 
parts of the greenhouse. One fruit from 
each of 10 clusters was collected on each 
sampling date. Cucumber fruits for 
analysis were at the slicing stage. Lettuce 
plants selected for uniformity were at the 
marketable stage when harvested except 
in two tests when immature plants were 
selected. 

Parathion residues were determined in 
all tests by the colorimetric procedure of 
Averell & Norris (1948). The parathion- 
treated samples were macerated in a 
blender before extraction. Sulfotepp resi- 
dues were determined by the cholines- 
terase inhibition method of Giang and 
Hall (1951), and DDT residues by total- 
chlorine analysis. 

PARATHION RESIDUES FROM TRANSLO- 
CATION.—Two experiments were con- 
ducted to determine the possibility that 
parathion might accumulate in the fruits 
from foliage or soil applications. 

In the first experiment clusters of 
tomato fruits were protected from direct 
exposure to parathion aerosols with 
cellophane bags that were tied in place 
after pollination or when the fruits were 
small. These bagged fruits on plants sub- 
jected to 4 to 8 biweekly applications of 
aerosol showed less than 0.1 p.p.m. of 
parathion, an indication of no appreciable 
translocation. However, unprotected 
fruits of the same age showed a parathion 


Table 1.—Parathion residues in bagged and 
unbagged fruits of tomato from plants treated 
with aerosols. Fall crop 1948. 








NuMBER OF INTERVAL 


BiwEex.ty LastAppui- ParatHion REesipuEs 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 45, No. 4 


content as high as 2.36 p.p.m. (Table 1). 
The higher residues on unbagged fruits 
are correlated with the interval between 
sampling and the last application rather 
than with the increased number of appli- 
cations. 

In the second experiment parathion in 
a 25-per cent wettable powder was applied 
beneath a manure mulch and was worked 
into the upper inch of soil. After the mulch 
had been replaced, no odor of parathion 
was detected in the greenhouse. The 
maximum residues found in harvested 
tomatoes and cucumbers (Table 2) indi- 
cated no translocation from the soil 
applications whether the rate was the 
same or higher than that recommended 
for the control of garden centipedes. 

ResipuEs FROM Direct APPLICATION. 
—Parathion Residues on Tomato and 
Cucumber.—The residues found on fall 
and spring crops of tomatoes and cucum- 
bers after biweekly applications of par- 
athion aerosols, as are used in commercial 
greenhouses, are given in table 3. Smaller 
residues found on cucumbers were prob- 
ably due to the larger volume of fruits in 
relation to the surface area. Higher initial 
and more persistent residues were found 
on the fall crops of tomatoes than on the 
spring crops. This may be correlated with 
low temperatures in the greenhouse. 
Night temperatures for the fall crop of 
1948-49 were lower (60 to 65° F.) than 
for the fall crop of 1949-50 (70°), owing 
to an improvement in the heating system. 
Spring crops were grown at higher tem- 
peratures as the season advanced. 

In one test wiping fruits with a soft 
cloth, as is sometimes done commercially 
to remove bordeaux-mixture stains, did 


Table 2.—Parathion residues in tomatoes and 
cumcumbers from plants growing in.soil treated 
on February 16, 1949. Spring crop. 








Sor 
PARATHION IN 
PouUNDS PER 
ACRE 


INTERVAL 
APPLICATION 
To HARVEST 


PARATHION 
RESIDUES 





APPLICA- CATIONS TO 


TIONS Harvest Bagged Unbagged 





Days P.p.m. P.p.m. 


Clusters bagged after pollination 
+ 14 0.03 
8 3 


0.14 
0.07 2.36 
Clusters bagged when fruits were 
0.5 inch in diameter 
6 .08 1.05 





Days P.p.m. 
Tomatoes 
76 0 
76 01 
28 .01 


Cucumbers 
8 85 .02 
64 85 0 





1 64 pounds applied on February 16 and May 11. 
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Table 3.—Parathion residues on tomatoes and 
cucumbers after applications of aerosols. 








NuMBER OF INTERVAL 
BrwEeEkK.Ly Last AppPLi- 
APPLICA- CATION TO 

TIONS HARVEST 


PARATHION RESIDUES 





Tomatoes Cucumbers 
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Table 4.—Parathion residues on foliage and 
fruits of tomatoes after three biweekly applica- 
tions of aerosols. Spring crop 1950. 








INTERVAL Last PARATHION RESIDUES 
APPLICATION 


to HARVEST 





Fruits Foliage 





Days P.p.m. P.p.m. 
Fall Crop 1948-49 
14 0.14 
6 1.05 
3 2.36 
1 2.51 
5 2.28 
12 .36 


.23 
2 hours 1.17 
3 .68 
6 .42 

14 .19 
1 hour .97 
7 .39 

14 .18 


Fall Crop 1949-50 

1.59 

2 1.36 
5 


Spring Crop 1949 
12 


1.19 

11 51 
2.21 

1.96 

1.03 

.83 

54 

1.32 

1.66! 


Be aa) 





1 Fruits wiped with cloth. 


not reduce the parathion residue (Table 3). 

In 1950 foliage and fruits from the 
same tomato plants were analyzed for 
residues. Higher residues were found on 
the leaves (Table 4). This was to be 
expected because for the same surface 
areas leaves have much less bulk and 
weight than do fruits. 

In these studies it is evident that 
parathion residues did not accumulate 
with repeated applications at biweekly 
intervals. This interval allowed time for 
practically complete subsidence of the 
residue. 

In an experiment to build up a maxi- 
mum residue of parathion by the aerosol 
method, nine applications were made to 
tomato plants at 3- to 4-day intervals 
between January 26 and February 19, 
1950. In this experiment parathion, 63 
grams, was applied. This is equivalent to 
14.34 ounces per acre-application, or a 
total of approximately 8.1 pounds within 
the 24 days. The night temperatures were 
70°F, and day temperatures sometimes 


P.p.m. 
21.53 
2.66 
1.91 
1.24 
1.56 


Days P.p.m. 
0 0.68 
4 -51 
7 47 
11 -20 
14 -14 





reached 92°. Analyses of tomato fruits 
collected immediately after the ninth ap- 
plication and again 9 days later indicated 
an initial high but a rapidly declining par- 
athion residue (Table 5). 

Parathion Residues on Lettuce.—Results 
of tests for residues of parathion on three 
crops of leaf lettuce are given in table 6. 
The initial residue was higher on immature 
than on mature plants. The young plants 
covered the same surface area but weighed 
only one-fourth as much. 

In the spring of 1951 the groups of 
plants selected at the first sampling aver- 
aged 110 grams when the residue was 34 
p.p.m. At the last sampling 24 days later 
the average weight was 332 grams per 
plant, but the residue was only 0.1 p.p.m. 
of parathion. Greater losses were there- 
fore due to weathering than to reduction 
in p.p.m. by weight increases. 

Sulfotepp Residues on Lettuce-—The re- 
sults of tests with sulfotepp on the same 
three crops of leaf lettuce but in separate 
greenhouse units are also given in table 6. 
Generally the deposit of sulfotepp was 
somewhat lower but persisted to about the 
same degree. The persistence of sulfotepp 
residues for several days on the basis of 
chemical analyses does not agree with its 
toxic effect on insects that persist for only 
a few hours (Smith & Fulton 1950). 

The loss of sulfotepp residues on lettuce 
of the spring-1951 crop, like parathion, 
was due mostly to weathering. The last 


Table 5.—Parathion residues on tomatoes after 
nine aerosol treatments between January 26 and 
February 19, 1950. 








PARATHION RESIDUE 


Check 


INTERVAL 
Tomatoes Arter Last 
CoLLECTED TREATMENT 





Treated 





P.p.m. P.p.m. 
10.24 0.22 
3.92 17 


Days 
Feb. 20 0 
Mar. 1 9 
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Table 6.—Residues on leaf lettuce treated 
with parathion and sulfotepp aerosols. 
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Table 7.—Sulfotepp residues on lettuce and 
tomato. Spring 1950. 








INTERVAL 

BETWEEN 
TREATMENT 
AND SAMPLING Fall 
(Days) 1950 


ParaTHION Resipurs Svuirotepp Resipurs 





Spring 


Spring Fall en 


0951 2950 


P.p.m. 





P.p.m. P.p.m. P.p.m. 


Immature plants 


Mature plants 
34.0 


14.0 
6.4 


56. 


3.1 


1. 





sample of plants collected 13 days after 
the first was only 2.2 times heavier, yet 
the sulfotepp declined from 35 to 0.6 
p.p.m. 

In the spring of 1950 lettuce and tomato 
treated with sulfotepp were analyzed for 
residues. In all tests the parathion and sul- 
fotepp residues on lettuce were higher than 
on tomato foliage or fruits and they per- 
sisted longer after a single treatment 
(Tables 4, 6 and 7). As with parathion 
(Table 4), less sulfotepp was found on to- 
mato fruits than on the foliage. The de- 
crease of sulfotepp residues on the toma- 
toes in this experiment (Table 7) appeared 
to be more rapid than that of parathion 
residues (Table 4). 

DDT Residues on Tomato.—An experi- 
ment was conducted to determine the 
DDT residues on tomatoes after applica- 
tions of DDT aerosol as used for the con- 
trol of thrips and tomato pinworms. On 
January 26 and again on February 19, 
1950, the aerosol was applied to tomatoes 
and samples were harvested immediately 
after each application. A residue of 0.5 
p.p.m. was found after the first applica- 
tion and 1.06 p.p.m. after the second. 
The greater residue suggests an accumula- 
tion of DDT by repeated applications. 

SumMary.—To secure information on 
the effect on vegetables of chemicals 
applied in the greenhouses as required for 
pest control, investigations were carried 
out at Beltsville, Md., from 1948 through 
1951. Aerosols at the rate of 1 gram of 
parathion per 1000 cubic feet, or sulfo- 
tepp or DDT at half this rate, were ap- 
plied to tomatoes, cucumbers, and lettuce. 


INTERVAL Su.trorepp ResipvurE 
AFTER 

TReEatT- 
MENT 





Tomato 
Fruits 


Tomato 
Foliage 


Lettuce 


Date 
Leaves 


CoLuLEecTED 





Days P.p.m. P.p.m. 


10.1 
6.8 
2.6 
38 


May 8! 
0 


_ 
SAK Se ODL O*14 0S 


July § — 
6 





1 Immediately after one application. 
2 After three applications, on June 6, 19, and 28. 


Parathion was added to soil, in which 
tomatoes were grown, at rates of 8 to 128 
pounds per acre. Parathion residues were 
determined by the colorimetric procedure, 
sulfotepp by the cholinesterase inhibition 
method, and DDT by total-chlorine anal- 
ysis. 

Jn experiments on possible transloca- 
tion of parathion, clusters of tomatoes, 
bagged after pollination or when fruits 
were small, contained no appreciable 
amounts of parathion when harvested. 
Unbagged fruits on the same plants con- 
tained a maximum of 2.36 p.p.m. Para- 
thion was not translocated from treated 
foliage to bagged tomato fruits or from 
treated soil to fruits. 

Residues of parathion on tomato de- 
creased after each biweekly application 
and no accumulated residue was evident 
after the ninth application. However, 
when nine applications were made within 
24 days the accumulated residue was 
10.02 p.p.m., or about four times the 
maximum from any single application. 

The maximum parathion residue on 
tomato fruits was 2.51 p.p.m. on the day 
after treatment, the maximum after 3, 
5, 7,11 and 14 days, respectively, 2.36, 
2.28, 0.47, 0.51 and 0.14 p.p.m. On cucum- 
ber fruits maximum residue was 0.62 
p-p.m. On tomato foliage the maximum 
residue of parathion was 21.53 p.p.m., 
which decreased to 1.56 p.p.m. in 14 days. 
On lettuce the residues ranged from 34 
to 56 p.p.m. immediately after treatment 
in two experiments and decreased to 0.7 
p.p.m. in 17 days and in a third experi- 
ment the original residue of 97.8 p.p.m. 
decreased to 2.0 p.p.m. in 20 days. 
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Residues of sulfotepp were generally 
somewhat lower than parathion on tomato 
fruits or foliage or on lettuce. However, 
the residues of the two materials decreased 
at approximately the same rate, although 
the insecticidal action of sulfotepp was 
short. 

The results indicated a low residue of 
parathion on cucumbers and a maximum 
residue of parathion and sulfotepp on 
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tomatoes which declined within 7 days 
below 1 p.p.m. The excessive residues on 
lettuce and their persistence for about 3 
weeks indicate that these materials could 
not be safely used on leaf lettuce in green- 
houses except possibly in the early stages 
of growth. 

Residues of DDT on tomato fruits 
ranged from 0.5 to 1.06 p.p.m. after one 
and two applications. 
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Early Spray Applications to Control Alfalfa Weevil 


Exisworts Hastines and J. H. Perper 


Several problems have arisen as a 
result of the greatly increased usage of 
insecticides when applied in the early 
spring for alfalfa weevil control. Among 
these problems are the questions of how 
early in the spring control measures can 
be used, and how low a dosage of dieldrin 
would still produce the desired results. 
At what stage of growth of the alfalfa 
is this early method of control no longer 
effective, was also of interest. It was 
likewise desirable to know whether or 
not oviposition occurred in sufficient 
quantity in dead stems to affect control 
if alfalfa growth is retarded and spraying 
delayed until new growth begins. Specific 
data on spray residues at the time of 
first cutting when fields were treated with 
dieldrin at an early stage of growth were 
also needed. 


The short period of time in which in- 
secticides can be applied effectively has 
resulted in a great deal of aircraft appli- 
cation. Previous tests by Hastings & 
Tepper (1951) have shown this means of 
application of insecticides for alfalfa 
weevil control to be equally as effective 
as ground-rig spraying. However, the 
cost of application by aircraft is somewhat 
of a limiting factor in many cases. If a 
total volume of carrier (diesel oil) of less 
than 2 gallons per acre or a dosage of less 
than 4 ounces of dieldrin per acre would 
remain effective, this cost could be ma- 
terially reduced. The following work was 
undertaken to provide information on the 
above mentioned problems. 


Contribution from Montana State College, Agricultural Ex- 
serve Station. Project No. MS 859, Paper Number 266, 
ournal Series. 
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Table 1.—Per cent reduction in alfalfa weevil population (using ground sprayer). 








Per Cent Aputt REepuctTion 


Per Cent Larvau 
REDUCTION 





Date of Inspection May 24, 1951 


June 18, 1951 June 18, 1951 





Plot 1 | Plot 2 | Plot 3 


Plot 1 


Plot 2 | Plots || Plot1 | Plot2 | Plots 





Date of Spraying || 4/4/51 | 4/12/51 | 4/26/51 


4/4/51 


4/12/51 | 4/26/51 || 4/4/51 | 4/12/51 | 4/26/51 





95 
94 
87 


95 
98 
94 


94 
94 
84 


Field No. 1 
Field No. 2 
Ficld No. 3 


88 
88 
13 


76 
59 
94 


98 
92 
97 


99 
98 
90 


94 
71 
84 


94 
88 
68 








91 96 92 

















Average 


63 


83 83 96 96 76 




















To obtain quantitative data on the 
effects of applying the insecticide at dif- 
ferent stages of growth, tests were con- 
ducted on three different alfalfa fields in 
the same general locality. Each field was 
divided into four plots of approximately 
10 acres each. One application of 4 ounces 
of dieldrin per acre as an emulsion was 
made on each treated plot using a ground 
sprayer which was calibrated to deliver 
a total volume of 10 gallons per acre. 
The first plot in each field was treated 
before any new spring growth was evi- 
dent. The second and third plots in each 
field were treated 8 days and 22 days, 
respectively, after the first plot was 
sprayed. The fourth plot in each field 
was utilized for comparison and was left 
untreated. 

In two of the fields (No. 1 and No. 2), 
there was 1 to 2 inches of new spring 
growth at the time the second plots were 
sprayed and 8 to 5 inches of new growth 
when the third plots were treated. Field 
No. 8. did not show any evidence of early 
spring growth until the last plot was 


sprayed, 22 days after the first one in | 


this field was treated. 

A comparison between the treated and 
untreated areas in a field was obtained 
by making adult and larval population 
counts 7 and 11 weeks after treating the 
first plot. The alfalfa weevils obtained by 
taking one hundred 180 degree sweeps 
from each plot served as the basis for 
comparison. These data are presented in 
table 1. 

Population counts are not included 
because they can be used only as a basis 
of comparison in a single field. There is 
frequently an extreme difference in de- 
gree of larval infestation between fields. 
Also, there are the inevitable differences 
in conditions which affect population 


counts (physical factors, stand, height, 
etc.) at the time of sampling. That these 
differences exist is evidenced by the fact 
that larval counts in check plots in the 
several fields used in this work varied 
between 300 and 13,000 per hundred 
sweeps. The same situation exists relative 
to adult counts where conditions of air 
temperature and alfalfa growth, etc., are 
known markedly to affect adult activity 
(Sweetman (1929)). Gray & Treloar 
(1933) concluded from sampling for freely 
moving insects in a very uniform com- 
munity, an alfalfa field, that the number 
of sweeps would have to be of the order 
of 3,000 to over 25,000 to give results ac- 
curate to within 10 per cent of the mean 
95 per cent of the time. While alfalfa 
weevil larvae may not be considered freely 
moving, the adults could very well fit 
this category. 

The data show that it is not necessary 
to apply dieldrin on new green foliage to 
affect the control of adult alfalfa weevils. 
Complete protection was obtained in 
plot 1 of each field where, in all cases, 
the fields were completely barren of new 
growth at the time of spraying. It is 
apparent, although there is a limit beyond 
which adequate larval control is not ob- 
tained, that delayed spraying is still 
effective in killing adult weevils. There 
is also evidence to confirm a previous 
impression that egg deposition is largely 
limited to green growth. It will be noted 
that, in Field No. 3, Plot 3, complete 
larval control resulted even when this 
plot was sprayed as late as April 26, at 
which time alfalfa growth was just be- 
ginning. In the other two fields, where 
the new growth of alfalfa was 3 to 5 
inches in height, satisfactory control was 
not obtained on plots 3 which were also 
sprayed on April 26. Heavy larval popu- 
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lations were found in the check plots of 
all three fields. 

The data presented in the several tables 
show that reduction in adult beetle popu- 
lations is somewhat erratic. This may 
have been due to adult migrations in local 
areas. However, in all the tests reported 
in this work as well as in previously con- 
ducted tests, when dosages of effective 
insecticide were applied, before the new 
growth of alfalfa was 3 inches high, uni- 
formly effective larval control resulted. 
It is believed that conditions in Montana 
do not become right for appreciable adult 
migration until too late in the spring 
for the eggs, which are later deposited, 
to hatch before the first cutting is re- 
moved. 

It should be noted that a flight of adult 
weevil was observed on the afternoon 
of April 26 throughout the area where 
tests were being carried on. The beetles 
were extremely numerous in the air and 
appeared to be hovering between 8 and 
10 feet above the ground. In several years 
of working with this insect, adult flight 
had not been previously observed, al- 
though it had been reported by farmers. 
Cooley (1912) reported a “spring flight” 
and a “summer flight” in Montana. 
Sweetman (1929) working in Wyoming 
observed no adult flights during May, 
June, or July in 1927, 1928, and 1929. 
He further states that flights may have 
taken place during August and September 
as only a few observations were made 
during these months. 

The foregoing tests show that there is 
a period of from 2 to 3 weeks in the early 
spring, under Montana conditions at 
least, when completely effective control 
of larval populations can be obtained by 
early spraying to kill the adults. Later 
spraying, when the alfalfa has attained 
a growth of approximately 3 to 5 inches, 


results in partial larval control, not suffi- 
ciently effective, however, to prevent some 
visable damage to first cutting growth. 

The results of these tests indicate that 
effective control can be obtained by 
spraying as early in the spring as it is 
possible to use equipment in the fields. 
The longer spraying is delayed the greater 
becomes the probability that complete 
control will not be obtained. 

That considerable retardation of second 
growth is experienced in untreated fields, 
is evident from the following measure- 
ments. Field 2 was observed again on 
July 17, 27 days after harvest of first cut- 
ting. The untreated check plot had 0 to 
4 inches of new growth; whereas plot 1, 
sprayed on April 4, had 20 to 24 inches, 
and plot 3, sprayed on April 26, had 
between 16 and 19 inches of new growth. 
Field 1 was observed July 19, 29 days 
after harvest of the first cutting. The 
untreated check plot had 5 to 7 inches of 
new growth at this time with consider- 
able damage being evident to second 
growth foliage; whereas, the plot sprayed 
on April 4 had 20 to 24 inches. While 
visable damage to first cutting foliage 
was apparent on these two plots sprayed 
on April 26, and while the per cent larval 
reduction was somewhat less than on the 
plots sprayed earlier, there was still 
considerable benefit derived from these 
later sprayings. 

Further studies were undertaken to 
establish a minimum dosage of dieldrin 
that would be effective in adult weevil 
control. Three alfalfa meadows were 
obtained each of which could be divided 
into three 10 acre plots. One plot in each 
field was sprayed with a dieldrin emulsion 
at the rate of 2 ounces of dieldrin in 10 
gallons of water per acre, using 35 pounds 
boom pressure. A second plot in each 
field was sprayed with 3 ounces of diel- 


Table 2.—Per cent reduction in alfalfa weevil populations (using ground sprayer). 








| Per Cent Aputt Repuction 


| Per Cent LARVAL 
REDUCTION 





May 24, 1951 


Date of Inspection 


June 18, 1951 June 18, 1951 





Plot—Dosage Plot 1 | Plot 2 


Plot 1 Plot 2 Plot 1 Plot 2 
(2 Oz./Acre) | (8 Oz./Acre) | (2 Oz./Acre) | (3 Oz./Acre) | (2 Oz./Acre) | (3 Oz./Acre) 





Field No. 1 5 [ites 
Field No. 2 0 54 
Field No. 3 0 74 








0 58 89 84 
16 59 81 95 








Average 18 | 70 


8 59 85 90 
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drin per acre in the same manner as 
described above, and a third plot in every 
meadow was left untreated to serve as a 
basis of comparison. The fields were 
treated on April 7 as new green growth 
was just beginning to show. 

Population counts were made, as pre- 
viously described, on May 24, for adults 
and on June 18, for both adults and larvae. 
This latter date was just before harvesting 
the first cutting. The percentage reduction 
in populations in the treated plots is 
presented in table 2. Field 3 was cut before 
the June 18 samples could be obtained. 

It is apparent from the data in table 2 
that a very marked reduction in larval 
populations is obtained even at dosages 
as low as 2 ounces of dieldrin per acre. 
Measurements also showed that no ap- 
preciable retardation of second growth 
was experienced with this low rate of 
application. Sufficient larval populations, 
however, did develop, with the exception 
of the 3 ounce application in field 2, 
to cause moderate foliage damage on first 
cutting forage. Field 3 of this series of 
tests was harvested on June 8. It was 
observed on June 19, 11 days after the 
first cutting. The untreated check was 
still devoid of new growth; while, the 
area treated with 3 ounces of dieldrin had 
9 inches at this time. On July 16, 38 
days after the first cutting, there was 24 
to 26 inches of new growth on the treated 
area and 9 to 10 inches on the untreated. 
Foliage damage to second growth was 
evident in this untreated check plot. 

The data presented in table 3 are the re- 
sults of tests conducted for alfalfa weevil 
control using aircraft to apply dieldrin at 
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various dosage and total volume levels. 
Number two diesel fuel was used as the 
diluent. The four different meadows uti- 
lized in these tests were divided into ap- 
proximately 20 acre plots, leaving one 
plot in each field untreated. 

The fields were sprayed on dates be- 
tween April 4 and April 12, 1951, depend- 
ing on their stage of growth. In all cases 
application was made when the alfalfa 
was just beginning to show new green 
growth. A comparison between the treated 
and untreated areas was made by taking 
sweep samples as previously described. 

It will be noted from the data presented 
in table 3, that no close relationships 
were found to exist between the various 
levels of treatment and reduction in adult 
populations on the dates when adult 
counts were made. However, this was not 
the case when the fields were compared 
on the basis of larval populations just 
prior to harvest. The data show that a 
reduction in dosage of toxicant had less 
effect in resultant larval control than a 
reduction in total volume of diluent had. 
In these tests both the 2 and 3 ounce per 
acre dosages, in a total volume of 2 
gallons, gave excellent control. Four 
ounces of toxicant in total volumes of 
both 1 and 1.5 gallons per acre did not 
give satisfactory commercial control in 
all cases. It would appear that a total 
volume of less than 2 gallons is inade- 
quate to insure complete coverage. 

It should be pointed out that where 
alfalfa weevil is concerned, satisfactory 
commercial control frequently means 
virtually complete control. Usually the 
alfalfa grower does not have the time or 


Table 3.—Per cent reduction in weevil population at various total volume and dosage levels (using 


aircraft). 
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facilities to arrive at a percentage figure 
representing degree of control and then 
to base his level of satisfaction on this 
figure. Experience has shown that if 
visable damage is present on first cutting 
forage, the alfalfa grower is dissatisfied. 

Field 1 in the series of aircraft tests 
was harvested on June 25. It was observed 
on July 16, 21 days after harvest, at 
which time there was 12 to 20 inches of 
new growth on the plot treated with 4 
ounces of dieldrin and 1.5 gallons of oil 
per acre and 0 to 2 inches of new growth 
on the untreated area. This field was again 
observed on August 8, 44 days after the 
first cutting. The same treated plot was 
30 to 35 inches high and in nearly full 
bloom while the check plot was 20 to 
25 inches high with no bloom evident. 
In the other two plots, sprayed at the 
same rate, there was visible damage to 
first cutting foliage even though a marked 
reduction in larval populations was re- 
corded. 

A comparison of the results reported 
in tables 2 and 3 show that a greater 
percentage reduction was obtained in 
larval population in both the 2 and 3 
ounce per acre applications by airplane 
than by the use of ground equipment. 
Oral communications from several sources 
have been obtained to the effect that in 
grasshopper control work, greater residual 
action can be expected from oil solutions 
than water emulsions of dieldrin. The 
fact that a greater per cent reduction in 
adult populations was obtained by air- 
craft application, as evidenced on both 
dates of inspection, may be an indication 
of greater residual action on the part of 
the oil solution. 

Samples of first cutting alfalfa were 
taken from several plots in the fields 
sprayed with aircraft. These samples were 
randomly selected, and were obtained by 
clipping individual stems at the crown. 
They were taken from untreated as well 
as treated plots, and were obtained 10 
weeks after the spray had been applied 
and just previous to harvest. 
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Two hundred gram samples of freshly 
cut alfalfa were extracted in 400 ml. of 
thiophene-free benzine and filtered. The 
filtrate was forwarded to the technical 
service laboratory of Julius Hyman and 
Company, Denver, Colorado, where bio- 
assays were conducted. The results of 
these bioassays indicate that at the dos- 
ages of 2, 3, and 8 ounces per acre, no 
dieldrin residues were detected. The dos- 
age of 8 ounces per acre is twice the dos- 
age normally recommended for adult al- 
falfa weevil control. 

Summary.—The results of these tests 
show that adequate dosages of dieldrin 
applied to bare stubble previous to the 
appearance of new spring growth gives 
satisfactory alfalfa weevil larval control. 
Further evidence is obtained to the effect 
that oviposition is largely limited to green 
growth, and that fall or early spring egg 
deposition in old stubble is of minor 
importance. Flight of adult weevils, while 
observed in the spring, did not occur early 
enough to affect the larval population in 
first cutting alfalfa where early control 
was practiced. A marked degree of con- 
trol was apparent in fields sprayed after 
they were 4 or 5 inches high; however, 
the earlier spraying was accomplished 
the greater the degree of control. 

Dosages of 2 and 3 ounces of dieldrin 
per acre did not prove as effective as the 
4 ounce application when applied with a 
ground sprayer. Airplane application 
using 4 ounces of dieldrin in less than 2 
gallons of diluent per acre did not prove 
as effective as 2 or 3 ounces of dieldrin 
using 2 gallons of diluent per acre. 

Differences in growth of second cutting 
between treated and untreated areas, 
approximately 30 days after the first 
cutting had been removed, were found to 
be from 12 to 20 inches depending upon 
the conditions. 

First cutting alfalfa taken from sprayed 
plots 10 weeks after application did not 
show any dieldrin content in either 2, 
3, or 8 ounce per acre airplane applica- 
tions. 
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Control of Mosquito Larvae and other Pests in 
Rice Fields by DDT! 


Rosert F. Portman? and Artuur H. Wii.1AMs* 


Many of the rice fields in the Sacra- 
mento Valley of California have been 
heavily infested with mosquitoes, tadpole 
shrimps and giant water scavenger beetles 
in past years. Flood water mosquitoes 
originating in the rice fields have con- 
stituted a serious local pest problem and 
have been costly to the mosquito abate- 
ment districts to control by the use of 
aerosols. Also many of the rice growers 
have experienced serious economic losses 
due to shrimp infestation, and to a lesser 
degree to giant water scavenger beetle 
infestation. Therefore, extended field 
tests involving 3910 acres of commercial 
rice fields in the vicintity of Biggs and 
Richvale, and field plots at the Biggs Rice 
Experimental Station, were carried out in 
the spring of 1950. This was made possible 
by the cooperation of 33 rice growers, 
eight airplane rice sowing services and the 
Board of Trustees of the Butte County 
Mosquito Abatement District which fur- 
nished the toxicants and permitted the use 
of the District’s personnel and equipment. 

Pests Invoitvep.—Aédes dorsalis 
(Meigen), a “flood water” mosquito, has 
become established in many of the rice 
fields of California. The intial] flooding of a 
mosquito-egg-infested rice field produces 
a “single” brood of mosquitoes. The eggs 
of Aédes dorsalis over-winter in the soil. 
Mosquito control workers in California 
have found that the eggs winter in the 
soil and that some of the eggs will remain 
viable in fallow fields for several years. 
Herms & Gray (1944) reported an ac- 
count of the survival of Aédes dorsalis 
eggs in a dry marsh for about 10 years. 
This species of mosquito has been a seri- 
ous pest in the rice areas of California for 
several years. These mosquitoes, originat- 
ing in infested rice fields, may disseminate 
throughout the surrounding area as far 
as 5 miles, infesting other rice fields and 
suitable breeding sites, and plaguing the 
residents of the area. 

The fairy or tadpole shrimps, Apus 
oryzaphagus n. sp. and Apus biggsi n. sp. 
were first reported to be of economic im- 
portance in California rice culture by 
Rosenberg in 1946. Since that time these 


crustaceans, primarily Apus oryzaphagus, 
have been causing damage throughout the 
rice area of the northern Sacramento 
Valley. They chew off the tender leaves 
and dislodge the soil around the roots of 
the rice seedlings; the uprooted seedlings 
then float to the surface. The muddy water 
resulting from their digging activities 
inhibits the growth of the rice seedlings by 
reducing the amount of sunlight reaching 
the submerged seedlings. Often the 
shrimps appear in such large numbers and 
destroy so many of the seedlings that it is 
necessary to re-seed. The shrimp eggs 
remain in the soil over winter and hatch 
under favorable conditions when the field 
is flooded the following year. Rosenberg 
(1946) states that rice fields infested with 
shrimp eggs will again be infested with 
shrimps when flooded even though the 
fields have lain fallow for a year or more. 

In recent years the larval form of the 
giant scavenger water beetle, Hydrous 
triangularis (Say) has become a pest of 
considerable importance in some of the 
California rice-growing areas. The beetle 
larvae do not chew off the leaves of the 
seedlings as do the tadpole shrimps but 
uproot the entire plant. They dwell on the 
bottom of the flooded rice paddies and by 
their digging activity stir up the soil 
causing the water in the checks to become 
muddy, comparable to tadpole shrimp 
infested waters. Beetle larvae are active 
during the first few weeks after flooding 
and are, therefore, a pest at the same time 
as are the tadpole shrimps. 

Present Mernops or ContTROL.— 
The standard larviciding methods will 
control the Aédes dorsalis larvae in the 
recently flooded rice fields but these 
methods are not satisfactory from an 
economic and operational standpoint for 
use by mesquito abatement districts. This 
is especially true when large acreages of 
infested rice fields must be treated in a 

1 Cooperative investigations of the California Agricultural 
Experiment Station and the Division of Cereal Crops and Dis- 
eases, Bureau of Plant Industry, Soils and Agricultural Engi- 
neering, U.S. Department of Agriculture and the Butte County 
Mosquito Abatement District. 

2 Manager, the Butte County Mosquito Abatement District; 
Biggs, California. 


3 Assistant onomist, Division of Cereal Crops and Dis- 
eases; Biggs, California. 
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short period of time in order to protect 
the adjacent populated areas. Therefore 
the authors sought a method of applica- 
tion and a toxicant which would not only 
control the shrimps as economically as 
copper sulfate but would also result in the 
effective control of the Aédes dorsalis 
larvae. Herms & Sperbeck! found that 
wettable powder DDT, applied to seed 
rice as it was dumped into the plane 
loading-hoppers, would stick to the damp 
kernels. They also found that when wet- 
table powder DDT was introduced into 
the flooded fields by this method that the 
Aédes dorsalis larvae were controlled. 
Through a series of laboratory tests they 
determined that the DDT when used in 
amounts up to 2 pounds per acre had no 
effect upon the germination of the rice 
nor upon the growth of the seedlings. 

Rosenberg (1946) found that the 
shrimps could -be controlled in the rice 
fields by the application of 1 pound of 
copper sulfate penta hydrate per acre- 
inch of water, or by the application of 8 
ounces of DDT as a water emulsion per 
acre-inch of water. The present method of 
shrimp control is to apply about 10 
pounds of copper sulfate per acre by air- 
plane. Usually this is done when floating 
rice seedlings are observed, adult shrimps 
are seen, or when the water appears 
muddy. The damage often is extensive 
before it is realized that the field is heavily 
infested. 

It has been observed by workers in 
mosquito control that the giant water 
scavenger beetles are readily killed by 
many of the mosquito larvicidal-sprays, 
but the effect of these sprays on the beetle 


larvae was not known. Davis (1950) states” 


that copper sulfate as used for shrimp 
control has no effect on the beetle larvae, 
also that no control for this larva has 
been found beyond draining the rice field. 
Recently some of the newer toxicants 
have been tried but with varying results. 

Mernops.—The following methods 
were used in the 1950 tests :— 

1. Pretreatment of the dry cultivated 
soil of the rice fields by use of DDT 
sprays prior to flooding. 

2. Application of wettable powder 
DDT with the seed rice when sown. 

3. Treatment of flooded rice fields with 
DDT sprays after mosquito larvae, 
tadpole shrimps and beetle larvae were 
present. 


Tests.—1l. Pre-treatment of the rice 
field soil by spray wand and spray boom. 

Pre-treatment was by means of a man- 
ually operated spray wand and a spray 
boom. Four adjacent plots at the Biggs 
Rice Experimental Station were used in 
this test. Three of these were 4 acres and 
the other was 2 acres in area. 

A plot of 4 acres was pre-treated on 
April 26 by means of a spray boom, with 
an average dosage of 4.2 pounds of DDT 
per acre, using a DDT-xylene-water emul- 
sion spray containing 0.4 pound of DDT 
per gallon. 

A plot of 4 acres and a plot of 2 acres 
were used as untreated check plots. 

A plot of 4 acres was pre-treated on 
April 26 partly by means of a hand oper- 
ated spray wand attached to a power 
sprayer and partly by means of a spray 
boom. The dosage varied from 3 to 4 
pounds of DDT per acre. The aqueous 
spray, containing 0.4 pound of DDT 
per gallon, was prepared from 50 per cent 
DDT wettable powder. 

Flooding of the plots was started on 
May 4 and completed by May 6. Observa- 
tions made during the following two weeks 
showed that no tadpole shrimps or mos- 
quito larvae were present in any of the 
plots. The treated plots were almost 
devoid of aquatic life, particularly small 
fresh water crustaceans. 

Bottomless cages constructed of 0.25 
inch hardware cloth, 2 feet in diameter, 
were set 3 inches deep into the soil of the 
rice paddies in order to simulate natural 
conditions. 

Large active shrimps were caught in an 
untreated field 3 miles distant, trans- 
ported at once and placed in the cages. 
Twenty-five shrimps were placed in one- 
third of the cages on May 17, and 25 
shrimps were placed in each of the re- 
maining cages on May 18. 

The shrimps remaining alive in the 
treated plots after 24 hours did not ex- 
hibit the destructive digging activities 
which are characteristic of normal 
shrimps. 

On June 5, 40 days after pre-treatment 
and 30 days after flooding, anopheline 
and culicine larvae as well as other aquatic 
life was observed in all of the plots. 

The results observed are listed in table 1. 


1 Herms, H., and Sperbeck, T. M. 1948. Unpublished data. 
Sutter-Yuba Mosquito Abatement District. 
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Table 1.—Mortality of caged shrimps in plots 
pre-treated with DDT water emulsion, and with 
DDT wettable powder suspension, showing live 
shrimps. 








EMULSION SUSPENSION 
Days OF 4.2 Las. 3104 Lbs. 


CHECK 


ExposurE DDT/Acre DDT/AcrE 





75 75 100 
13 12 83 
2 0 75 
0 0 48 
0 0 16 
0 0 3 
0 0 3 





2. Pre-treatment of rice field soil by 
hand mist-spraying. 

A series of 19 adjacent 0.1 acre plots 
at the Biggs Rice Experimental Station 
were used. Every other pair of plots was 
treated, the pairs of in between plots 
were used as untreated checks. 

A dosage of 1 pound of DDT per acre, 
using a DDT-xylene-water emulsion spray 
containing 0.8 pound of DDT per gallon, 
was applied to 3 pairs of plots. A dosage 
of 8 ounces of DDT per acre, using a 
DDT-xylene-water emuision containing 
0.4 pound of DDT per gallon, was applied 
to 2 pairs of plots. 

The DDT-xylene-water emulsion sprays 
were prepared by diluting a 25 per cent 
DDT-xylene-emulsible concentrate with 
water. 

The emulsion sprays were applied, on 
May 8, at the rate of 1 quart per pair of 
plot, by means of a cylindrical, compressed 
air, hand sprayer, equipped with a mist 
spray nozzle.® 

One cage, the same size as used in the 
other test, was placed in each of the 0.1 
acre plots. The cages were placed at the 
center of the sides of the plots—one cage 
being on each side of the levee separating 
each pair of plots, so that there would 
be less likelihood of contamination or 
dilution due to water passing over the 
levees, or by flowing through cuts in the 
levees. 

Water was turned into the plots on 
May 15 and they were completely flooded 
by May 18. 

Twenty shrimps, obtained from the 
same field as in the other test, were placed 
in each cage on May 19. Observations 
made during the next 2 weeks showed 
that there was considerably less aquatic 
life in the treated than in the untreated 
plots. 


JOURNAL OF Economic ENTOMOLOGY 


Vol. 45, No. 4 


Throughout the 19 plots water flowed 
through cuts in the levees from each 0.1 
acre plot to the one adjoining it. Thus 
water entering plot 6 from the irrigation 
ditch flowed through plots 5, 4, 3, 2 and 1. 
The results of the test showed that if 
any DDT was transported by the slowly 
moving water from one plot to another, 
it was apparently in low enough concen- 
tration to be below the required lethal 
strength. 

The results 
table 2. 

Table 2.—Mortality of caged shrimps in plots 
pre-treated with DDT-water-emulsion, showing 
live shrimps. 


observed are shown in 








Days or 1 Ls. 8 Oz, 


ExposurE DDT/AcreE DDT/AcreE CHECK 





) 120 80 180 
ll 38 155 

2 13 103 

1 6 78 

0 2 38 

0 0 5 





3. Application of wettable powder 
DDT with the seed rice when sown. 

Using Richvale as a center, the rice 
fields of all cooperating growers within a 
mile radius were treated with approxi- 
mately four pounds of wettable powder 
DDT per acre, and the rice fields beyond 
this area but within a radius of 2 miles 
were treated with approximately 2 pounds 
of wettable powder DDT per acre. The 
rice fields of a number of other growers in 
the Richvale and Biggs areas were also 
treated with from one to four pounds of 
DDT wettable powder. 

The 50 per cent DDT wettable powder 
was distributed and mixed with the seed 
rice as it was dumped from the sacks into 
the plane-loading hopper. 

It was found that: (a) When the hull 
of the seed rice was damp the wettable 
powder would form a firmly adhering 
coating on the seeds, and that the un- 
loading of rice from the hopper into the 
plane would further distribute the wet- 
table powder over the seeds. The powder 
adhered well and most of it remained on 
the seed until it rested on the submerged 
soil of the flooded field, where it was 
observed to mix with the water and be 
slightly dispersed. 

The wettable powder coated seed rice 


5 Teejet No. 3 nozzle, manufactured by Spraying Systems 
Company. 
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did not fiow from the plane loading hop- 
pers as readily as the uncoated seed rice, 
and it was necessary in some instances to 
rake it out of hopper chutes manually. 
Also it was necessary to increase the open- 
ing of planes’ discharge slots. 

(b) When the hull of the seed rice was 
dry only a small amount of the powder 
would adhere to the kernels and the rest 
would be distributed over the field as in 
dusting operations. Due to the height of 
the plane when sowing and to the pre- 
vailing winds most of the wettable powder 
did not reach the rice field. In one instance 
a sufficient amount of 50 per cent DDT 
wettable powder did not reach the rice 
field to control the mosquito larvae pres- 
ent. 

(c) When the seed rice was dry or more 
powder was added than would stick to the 
kernels, the back-wash from the plane’s 
idling propeller would blow some of the 
loose dust out of the plane loading hopper 
and chute; this caused a minor discomfort 
to the men loading the plane. 

Four weekly post-treatment inspections 
were made of a number of the rice fields 
on which wettable powder DDT had been 
applied with the seed rice. These inspec- 
tions confirmed the reports received from 
the rice growers that: 

(1) the shrimps, the beetles and beetle 
larvae, and the mosquito larvae which 
were in the fields at the time of sowing 
were effectively controlled, 

(2) no shrimps nor mosquito larvae 
were produced within a period of about a 
month in any of the 3910 acres which were 
treated. 

Subsequent random inspections and 
reports from the rice growers as much as 
2 to 3 months since the time of treat- 
ment showed that the fields have remained 
free from shrimps, but larvae of Culex 
tarsalis and Anopheles freeborni appeared 
in some of the fields in small numbers. 

A rice field of 200 acres was heavily 
infested with shrimps 5 days after flood- 
ing. The field was sown by plane without 
being treated with either copper sulfate 
or DDT. Later the field was treated with 
copper sulfate, but not before the shrimps 
had destroyed most of the seedlings. The 
copper sulfate killed practically all of the 
shrimps but did not affect the beetle 
larvae. When the field was re-sown, wet- 
table powder DDT was applied to seed 
at the rate of 1.8 pounds per acre. The 
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next morning all of the beetle larvae were 
dead; and a reinfestation of shrimps, 
which the owner expected, did not occur. 

An unsown rice field of 92 acres in- 
fested with shrimps was treated at the 
time of sowing with wettable powder 
DDT at the rate of 3.9 pounds per acre. 
The shrimps, beetles and beetle larvae, 
and mosquito larvae were all killed. A 
reinfestation of shrimps did not occur, 
nor were mosquito larvae observed for 
more than 3 weeks. 

4. Treatment of flooded rice fields with 
DDT sprays after mosquito larvae, tad- 
ple shrimps and beetle larvae were present. 

An untreated field of about 70 acres, 
which was heavily infested with Aédes 
dorsalis larvae and fairly heavily infested 
with shrimps in some of the checks, was 
sprayed with a DDT oil solution at the 
rate of 0.2 pound of DDT per acre. The 
spraying was done by means of a cylin- 
drical compressed air hand sprayer and a 
mist spray nozzle. The DDT oil' solution 
contained 0.4 pound of DDT per gallon, 
1 per cent of thiocyanate? and 0.5 per 
cent spreader? both by volume. An ex- 
cellent kill of the mosquito larvae and 
pupae was obtained except for some late 
fourth instar larvae which were killed 
by subsequent spot larviciding. Some of 
the shrimps were killed particularly those 
in the shallow water at the edges of the 
field. 

Five rice checks at the Biggs Rice 
Experimental Station, lightly infested 
with shrimps, were sprayed with a 12.5 
per cent DDT-xylene type-water emul- 
sion. Two of these checks comprising 
about 2 acres were treated at the rate of 
1 pound of DDT per acre, and the other 
three checks comprising about 4 acres 
were treated at the rate of 8 ounces of 
DDT per acre. The emulsion was mist 
sprayed by hand using the wind to drift 
it out into the checks. The emulsifier- 
spreader® used in the emulsifiable con- 
centrate formed an emulsion which spread 
rapidly over the surface of the water and 
shortly penetrated it. 

Within 15 minutes after the checks were 
sprayed the beetles were noticeably 
affected. Within an hour the shrimps 
showed signs of DDT poisoning. Some of 
the beetle larvae were affected in a short 

1 Diesel Oil, Pacific specification number P.S. 200, 
2 Rohm and Haas, Lethane 384. 


3 Rohm and Haas, Triton B-1956, a fast breaking emulsifier 
spreader. 
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time. The culicine mosquito larvae in the 
checks were dead within a half hour. All 
of the shrimps, beetles and beetle larvae, 
and ail other aquatic lifé were apparently 
dead within 20 hours. 

SUMMARY AND ConcLusions.—Ex- 
tensive field tests were conducted in the 
spring of 1950 for the control of Aédes 
dorsalis (Meigen) larvae, Apus oryzapha- 
gus n. sp., Apus biggst n. sp., and Hydrous 
trianguaris (Say) larvae using DDT as the 
toxicant. Three methods of applying the 
DDT were utilized in the tests. 

1. The pre-treatment of the dry cul- 
tivated soil of the rice fields prior to 
flooding with a DDT-xylene type water 
emulsion (at the rate of 1 to 4 pounds 
of DDT per acre) and a DDT wettable 
powder suspension (at the rate of 4 
pounds of DDT per acre) showed that, 
when the soil was sprayed within 9 days 
before flooding, (1) the flooded fields re- 
mained lethal to tadpole shrimps for a 
period of at least 2 weeks, (2) the Aédes 
dorsalis larvae were effectively controlled 
as were the beetle larvae, (3) and the 
infestation of the fields by other mosqui- 
toes did not occur for a period of approxi- 
mately a month. The results obtained 
showed that this method is applicable 
where dry seed rice is broadcast with 
ground equipment before the fields are 
flooded. 

2. Observations made after applying 
50 per cent DDT wettable powder (at 
the rate of 1 to 4 pounds per acre) with 
the seed rice when plane-sown on a total 
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of 3910 acres of commercial rice fields 
showed that (1) no shrimp infestation 
occurred even though many of these 
fields had heavy infestations in previous 
years, (2) no Aédes dorsalis or other 
mosquito larvae appeared in the fields 
for a period of about a month, (3) the 
beetle larvae were effectively controlled 
in the individual fields observed. 

In 1951 many of the commercial ric 
growers in California applied wettable 
powder DDT with their seed rice. No 
shrimp or beetle larvae damage occurred 
in approximately 60,000 acres treated by 
this method. In Butte County the spring 
rice field Aédes dorsalis problem was great- 
ly reduced in the treated areas. 

The results obtained in 1950 and 1951 
showed that this method is applicable 
where presoaked seed rice is plane-sown 
in the flooded fields and is an effective and 
economical method of control. 

3. The spraying of flooded rice fields 
infested with mosquito larvae and shrimps 
with DDT-xylene type water emulsions 
(at the rate of 8 ounces to 1 pound of 
DDT per acre) was effective in killing the 
mosquito larvae, tadpole shrimps and 
beetle larvae within 20 hours. This method 
of control is also very effective on the 
adult beetles. The results obtained showed 
that this method of control is applicable 
where mosquito larvae, tadpole shrimps, 
beetles and beetle larvae appear in flooded, 
sown rice fields which have not been 
treated by either of the other two meth- 
ods. 
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Imported Cabbageworm Resistance to Insecticides! 


F. L. McEwen and R. Kerra Caapman, University of Wisconsin® 


Since the introduction of chlorinated 
hydrocarbon insecticides many reports 
of insect resistance have appeared. In 
most cases, however, the resistance was 
developed under repeated exposure in the 
laboratory and relatively few species 
have shown tolerances to these insecticdes 
under natural conditions. Resistance to 
DDT in the field has been reported in this 
country and abroad for the housefly and 
several species of mosquitoes (Babers 
1949; Barber & Schmitt 1948; King 1950; 
Bohart & Murray 1950). Such resistance 
has also been reported for the stable fly 
(Babers & Pratt 1951), the filter fly 
(Bruce 1950), bed bugs (Johnson & Hill 
1948), a bark beetle and a scale insect 
(Babers & Pratt 1951), but as yet wide- 
spread resistance among these species 
has not been indicated. Recently Hulbert 
et al. 1952, have reported resistance to 
DDT in the body louse in Korea. 

During the summer of 1951 a number of 
cabbage growers in the Kenosha-Racine 
area of Wisconsin experienced difficulty 
in controlling the imported cabbageworm, 
Pieris rapae (L.) with DDT. This material 
had given excellent control of cabbage- 
worms during the previous four or five 
seasons. The second generation was near- 
ing completion at this time (late July) 
and inspection of growers’ fields showed, 
in many cases, two or three late instar 
larvae per plant in fields where up to four 
spray applications of DDT had been used 
in the preceding four or five weeks. 

A number of possibilities might explain 
such a phenomenon: prevalence of wet 
weather may have reduced insecticide 
residues and prevented proper timing of 
sprays by the growers; grower carelessness 
such as failure to include a spreader- 
sticker may have given poor coverage; 
rapid plant growth at this time perhaps 
added to the percentage of unprotected 
foliage; there may have been incompati- 
bility of solvents or toxicants of the DDT- 
EPP mixture used for worm and aphid 
control; or the marketing of a poor qual- 
ity DDT may have contributed to the 
poor control. In view of the development 
of insect resistance to certain chlorinated 
hydrocarbons, this possibility was also 
considered, although, to the authors’ 


knowledge, no instance of such resistance 
among the Lepidoptera had been re- 
ported. 

EXPERIMENTS AND’ ReEsvutts.—In 
preliminary experiments, DDT wettable 
powder and emulsion were used, in com- 
bination with TEPP and alone. DDT 
concentrations of 0.5, 1, and 2 lbs. actual 
toxicant per acre were included using 
recently-marketed DDT and some that 
had been held over from 1950. Applica- 
tions were made with a low-volume 
sprayer® on six-row plots, 50 paces long, 
using four replications. A commerical 
spreader-sticker was used and good cover- 
age obtained. Results clearly indicated 
that DDT did not give efficient control 
in any of the forms or combinations used, 
even at the two pound dosage. 

Inspection of the area revealed that 
DDT from at least three companies had 
been used with comparable poor results 
and sample analysis by the manufacturer 
showed proper quality and formulation of 
the product. The DDT being used was 
found to be giving good control of potato 
leafhoppers and several other insect spec- 
ies in the area, hence inferior insecticide 
was not being used. 

A large number of larvae were collected 
from a previously DDT-sprayed field 
and equal numbers placed on cabbage 
plants and sprayed in the laboratory. 
DDT wettable powder was used in making 
up sprays in which a geometric progression 
of concentrations from 1:200 to 1:6400 
actual toxicant were tested. Two replica- 
tions were included and spraying was done 
with an air compresor-type sprayer using 
a Devilbiss atomizer at 25 pounds pres- 
sure. Thirty-five milliliters of spray were 
applied per plant, this amount being the 
maximum possible without run-off. The 
results are given in table 1 which shows 
that DDT was not effective in causing 
a high mortality of the imported cabbage- 
worm from the insect population tested, 
and that after 50 per cent mortailty was 
reached, only slight enhancement of kill 


1 Approved for publication by the Director of the Wisconsin 
Agricultural Experiment Station. 

? The authors wish to gratefully acknowledge the generous 
technical assistance given them by J. E. Casida, C. C. Doane, 
and J. P. Eastwood. 
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was obtained by increased dosages, even 
though concentrations were increased by 
sixteen times. 

Table 1.—Cabbageworm control in the lab- 


oratory 46 hours after application of various con- 
centrations of DDT. Kenosha, Wisconsin. 1951. 














CONCENTRATION Livinc LARVAE 
or DDT PER PLANT 
1:200 3.5 
1:400 4.0 
1:800 5.5 
1:1600 4.5 
1:3200 5.0 
1:6400 10.0 
Check 9.0 





With this indication that cabbageworms 
in the Kenosha county area were tolerant 
to DDT a check of certain other areas in 
the state was made to determine the ex- 
tent to which DDT-resistance was pre- 
valent. In doing this identical control 
procedures were carried out at a number 
of points where sufficient cabbageworms 
could be found. Plots were treated north 
of Milwaukee (40 miles north of Kenosha), 
at Green Bay (125 miles north of Keno- 
sha), and at Peshtigo (170 miles north of 
Kenosha), as well as several in the Keno- 
sha area. Insecticides used were DDT, 
TDE, parathion, and CS-708, preliminary 
experiments having indicated that the 
latter three materials would give satis- 
factory control of the resistant worms. 
In this set of experiments, plots contain- 
ing about 100 cabbage plants were used, 
replicated four times for each treatment, 
and uniform applications were made with 
a knapsack sprayer. 

A number of larvae were collected from 
each of the test areas and brought back 
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Table 3.—Control of cabbage worms from 
various localities 24 hours after treatment in the 
laboratory with indicated concentration of DDT. 
Kenosha, Wisconsin. 1951. 








Livinc LARVAE PER PLANT 





Larvae Collected from 








CoNCEN- 

TRATION Mil- Green Peshtigo Kenosha 

or DDT waukee Bay 
1:200 0.0 0.6 0.0 1.3 
1:800 0.0 0.6 0.6 3.3 
1:3200 0.3 — _ 3.6 
Check 3.0 — 3.0 4.3 





to the laboratory where they were placed 
on cabbage plants and sprayed with DDT 
at three concentrations. Six replicates of 
five larvae per plant were used in each 
case, except where the supply of larvae 
would not permit. 

The results of the above tests, tabulated 
in tables 2 and 3, show that the resistance 
of the cabbageworm to DDT is not wide- 
spread since comparable treatments gave 
widely different control on larvae from 
the Kenosha area as contrated to those 
from other regions Excellent, almost 
identical control was obtained with para- 
thion, CS-708, DDT or TDE in locations 
other than the Kenosha area while in this 
region, the lower concentration of DDT 
was highly significantly less effective as 
a control material, and at the 2 pound 
level was significantly less effective than 
either CS-708 or parathion. TDE was 
also found to be somewhat less effective 
than CS-708 or parathion in the Kenosha 
area. Table 2 shows that control with 
TDE at 8 ounces per acre was only about 
as good as that of DDT at the 2 pound 
level, in some cases being significantly 
less effective than parathion or CS-708. 


Table 2.—Cabbageworm control 48 hours after indicated treatments at Milwaukee, Green Bay, 
Peshtigo, (1, 2 and 3) and Kenosha, Wisconsin. 1951. 








TREATMENT 


! 
Livine LarvAE PER 10 PLANts | 








| Living Larvae PER 10 PLANTS 








Rate of 
Actual Location of Tests MEAN MEAN 
; Toxicant/ — Controw! ContRoL? 
Material Acre (Ibs.) | —I— —2- —3— | (Per Cent) | Tests in Kenosha Area (Per CENT) 
DDT 0.5 | 12 2 1 91 83 67 44 | 46 
DDT 2 | 5 0 0 98 36 35 20 72 
CS-708 0.5 10 2 0 94 10 15 9 90 
Parathion ts 0.25 22 2 1 90 12 15 10 89 
TDE 0.5 | 14 3 0 92 380 23 19 | 79 
Check 150 22 15 0 168 187 57 0 
| j | 
L.S.D. 5 per cent | 6.5 | 25.7 11.5 8.3 
L.S.D. 1 per cent 9.2 36.0 16.2 11.5 





1 Mean per cent control in areas other than Kenosha-Racine counties. 


2 Mean per cent control in Kenosha county area. 
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Table 4.—Cabbageworm control 48 hours after indicated treatments. Kenosha area, Wisconsin 


1951. 








Livina LARVAE PER 10 Damacep HEaAps 














Test No.! MEAN 
TREATMENT, MATERIAL Per Cent 
PER ACRE 1 2 3 4 5 6 ConTROL? 
DDT 8 oz. 15 + 6 16 7 0.5 70 
DDT 82 oz. 11 2 2 5 6 0.5 84 
Dilan 8 oz. 3 1 1 2 1 0.2 95 
Check 49 19 22 34 26 7.2 0 
L.S.D. 5 per cent 9.3 11.1 2.8 
L.S.D. 1 per cent 18.3. 15.9 4.0 





1 Tests at various locations within a five-mile radius of the area where resistant insects were first found. 


2 Test number 6 omitted as number of larvae was very small. 


The above results having shown that 
DDT-resistant cabbageworms were not 
widespread, a number of plots were 
treated within about a five-mile radius 
of where resistance was known to occur 
in an attempt to determine the distribu- 
tion of these insects. DDT at two con- 
centrations and Dilan were used as in- 
secticides at six locations within this area. 
Plots contained about 100 plants and 
treatments were replicated four times in 
a randomized block design. The results, 


Table 5.—Cabbageworm control with various 
insecticides during 1951 as compared with that 
of the 1947-50 period. Tests in the Kenosha area 
Wisconsin. 








CONTROL OF 








TREATMENT CABBAGEWORM LARVAE 
MATERIAL AND 
OuNCES 1951 1947-50 
PER ACRE (per cent) (per cent) 
DDT—16 59 95 
Q-137'—16 29 88 
TDE—16 79 93 
Methoxychlor—16 47 61 
Parathion—4 84 91 
Metacide—4 85 —_ 
Malathon—16 83 53 (4 02.) 
2692—4 85 _ 
Chlordane—16 23 16 
Toxaphene—16 54 26 
Lindane—4 60 61 
(1 Ib. BHC) 
12% gamma) 

Lead arsenate—64 52 —_ 
CPR? dust (25%) 75 _ 
Rotenone dust (0.75%) — 61 
Pyrethrum dust (0.15% 

pyrethrins) _ 82 





! 1,1-dichloro-2, 2-bis(p-ethy] phenyl)ethane. Rohm and Haas 
Company. 

2 1,2,3,4,10, 10-hexachloro-6,7-epoxy-1,4,4a,5,6,7,8,8a-octa-hy- 
dro-1,4,5,8-endo-endo-dimethanonaphthalene, Julius Hyman 
and Company. 

‘Contains piperonyl cyclonene 2.5% pyrethrins 0.25%, 
rotenone 1.25%. U. S. Industrial Chemicals Company. 


which are given in Table 4, show that 
DT-resistant insects were present in all 
locations with the possible exception of 
test No. 6. The location of test No. 6 
was the farthest removed from the area 
where resistant worms were first observed 
and may have been on the periphery 
of the resistant-insect area. It was ex- 
tremely difficult to locate fields outside 
a 6-8 mile radius of the area in which 
resistance was first found where three were 
sufficient larvae to obtain control data. 
Since the farmers in these sections used 
DDT, it would appear that satisfactory 
control was being obtained and that the 
worms if resistant were not strongly so. 

Experiments were carried out in the 
Kenosha area in which a number of in- 
secticides were used to determine their 
effectiveness in controlling DDT-resistant 
cabbageworms. Table 5 contains the in- 
formation obtained in such tests together 
with a comparison of results obtained with 
similar treatments in the Kenosha area 
in previous years. 

‘These results served to point out that 
resistance in the imported cabbageworm 
was shown to Q-137 as well as tomethoxy- 
chlor and TDE although the level of 
tolerance acquire toward the latter two 
materials was less pronounced. The over- 
all control with parathion was also some- 
what less than that of previous years 
although this material and the closely 
related compounds, metacide and mala- 
thon, were reasonably effective. Results 
with parathion were inconsistent within 
the Kenosha area, the value of 84 per 
cent reported in table 5 being derived 
from control plots in which larval mortal- 
ity varied from 55 to 98 per cent. A com- 
parison of the control obtained with 
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Table 6.—Control of resistant (R) and sus- 
ceptible (S) cabbage worms in the laboratory at 
various times after treatment. Kenosha, Wis- 
consin. 1951. 








Mean Per Cent Larva 
Morrtauity in Hours 














TREATMENT, MATERIAL 4 8 16 
AND Rate R §S R S§ R 8 
DDT, 1:2000 20 46 20 58 30 «689 
Piperony butoxide, 1:100 15 ll 23 36 35 46 
DDT, 1:2000+- 

Piperonyl butoxide, 1:100 10 22 40 39 42 65 
Check. Solvent only. 6 4 6 6 6 12 
L.S.D. at 5 per cent level 9.9 11.5 14 
L.S.D. at 1 per cent level 13.4 15.5 18.5 





CPR dust in 1951 with rotenone and 
pyrethrum dusts in previous years in- 
dicates that no resistance has developed 
to these materials. CS5-708 proved to be 
highly effective in 1951 as it had in other 
years. Of the other materials tested, 
269 was the only material which gave 
good control of resistant cabbageworms. 

For a number of years it has been 
known that certain materials had a 
synergistic activity with some insecticides. 
Perry & Hoskins (1950) reported that 
they were able to enhance the kill ob- 
tained with DDT on a resistant strain of 
houseflies by the addition of piperonyl 
cyclonene. 

A laboratory test was conducted to 
check the effect of piperonyl butoxide 
when added to DDT on the mortality 
of DDT-resistant cabbageworms. Larvae 
were collected from an area of known 
resistance and from an area where re- 
sistance was not present. Discs of a suit- 
able size were removed from inner cabbage 
leaves and placed in the bottom of petri 
dishes where they received a constant 
amount of insecticide spray. Technical 
DDT, dissolved in xylene, was sprayed 
on the leaf discs and the solvent allowed 
to evaporate before larvae were put in 
the Petri dishes, 6-8 per dish, with twelve 
replications. About one milliliter of water 
was added to each petri dish before the 
lids were put on so that the leaf discs 
would remain relatively turgid. Mortality 
counts were taken at 4, 8, and 16 hours 
after treatment and are summarized in 
table 6. 

This test indicated that no synergistic 
action need be present to explain the re- 
sults obtained. In each count, the control 
observed with the susceptible worms was 
highly significantly different from that of 
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resistant larvae where DDT alone was 
used. This differeence is not so great where 
piperony! butoxide was included, but the 
larvae would not feed normally when this 
compound was used and no clear cut 
effect of the added material was shown. 

Discussion.—Very early in the work 
on insect resistance to DDT, Wiesmann 
in 1947 (Babers 1949) found that in- 
creased dosage gave only slight enhance- 
ment of kill unless this increase was ex- 
tremely drastic. Many workers have since 
found this to be the case and the results 
of the present experiments on resistant 
cabbageworms bear out this generality 
(tables 1, 2, 3, 4). One might infer from 
the data presented here that the popula- 
tions of cabbageworms in which resistance 
was found were not homogeneously resis- 
tant but rather contained a percentage of 
larvae normally susceptiable to DD'T as 
well as others of intermediate susceptibil- 
ity. In table 5, it will be seen that when 
all tests conducted in the field are in- 
cluded, the mean control obtained with 
DDT at 8 ounces actual toxicant per 
acre was 59 per cent, while in a laboratory 
test (Table 6) a concentration of DDT 
which gave 89 per cent mortality of sus- 
ceptible larvae gave only 30 per cent 
mortaility of those collected in a resistant 
area. ‘The larvae used in the laboratory 
test reported in table 6 were collected 
from a field where a rigid DDT-control 
program had been practiced and where 
DDT susceptible specimens should have 
been killed. Although field and laboratory 
tests are not directly comparable, the 
low mortality obtained in this experiment 
with the resistant larvae would tend to 
support the above inference. These, how- 
ever, were third generation larvae and 
it is therefore possible that the results 
obtained represent an increased resistance 
from one generation to the next. 

In the area in which resistance in cab- 
bage worms appeared, the only “newer 
insecticide” used for their control on a 
widespread basis and over a number of 
years has been DDT. This insecticide 
has been used in the Kenosha area since 
1946 so that it is possible that about 15 
generations of the imported cabbageworm 
have been exposed to this material. In 
work with other insects, e.g., houseflies, 
it has been found that a marked resistance 
to DDT can develop in this number of 
generations (Lindquist & Wilson, 1948). 
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Specificity of resistance has received a 
considerable amount of study and workers 
in the field are by no means unanimous 
in the acceptance of any one view. From 
the biochemical aspect and our present 
knowledge of detoxification mechanisms, 
it would seem most likely that resistance 
would be restricted to that compound for 
which tolerance had been acquired plus 
other materials whose lethal action is 
due to them having identical, or near 
identical, physiological effect on some 
system through identical mechanisms. 
The literature to date would indicate that 
this is not always the case. In the experi- 
iments herein reported, resistance was 
found to be present for DDT and Q-137, 
as well as to TDE and methoxychlor 
although it was not so strongly evident 
in the case of the latter two compounds. 
These compounds are quite closely related 
chemically and although the order of 
resistance was not what one might ex- 
pect from an examination their structural 
formulae, resistance to this group has 
been found in many cases where insect 
resistance has developed through expo- 
sure to DDT. Observations on control 
obtained with parathion would place this 
material in a doubtful category in so far 
as cabbageworm tolerance is concerned. 
In many fields excellent control was ob- 
tained with parathion while in one of the 
experimental plots and in at least two 
commercial applications, control with this 
material was only about 50 per cent. A 
trend toward inconsistent results was 
present with the chlorinated hydrocarbons 
as well when field comparisons are at- 
tempted. CS-708. gave excellent control 
in all instances, indicating that faulty 
procedure would not account for these 
variations. It would appear that the 
development of resistance was extremely 
local and not equally developed in all 
fields within the area where tolerant 
larvae were manifest. 

Sternberg et al., (1950), showed that 
DDT was degraded by resistant house- 
flies to nontoxic compounds and Perry 
& Hoskins (1950, 195la, 1951b) and 
Fullmer & Hoskins (1951), have shown 
that the addition of piperonlyl cyclonene 
inhibits this detoxification. Other com- 
pounds have been reported as having 
synergistic action with DDT on resistant 
houseflies (Bruce & Decker 1951; Sumer- 
ford et al. 1951), so that piperonyl butox- 
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ide was tested in this capacity on resistant 
cabbage worms. The effect of this material 
in the petri dish tests as previously in- 
dicated, is hard to evaluate since the lar- 
vae would not feed normally on tissue on 
which it was sprayed, hence no clear cut 
effect of the added material was detectable 
from the data obtained (Table 6). 

CS-708 appeared to be the best material 
of those tested for the control of resistant 
cabbageworms, However, the length of 
time this material may prove effective is 
highly speculative. Fullmer & Hoskins 
(1951) found that the respiration pat- 
terns of CS-708-treated, DDT-resistant 
and susceptible houseflies were quite 
similar as were also mortalities, two 
criteria which differed greatly when DDT 
was the toxicant used. Bruce & Cecker 
(1951), however, reported that houseflies 
have developed tolerance to Dilan in 
five generations. 

The area in Racine and Kenosha coun- 
ties where cabbageworm resistance has 
developed is quite small. This area corre- 
sponds very closely to that were DDT 
was first used in Wisconsin for the control 
of these insects and where it has been 
used most extensively and consistently 
during the past five seasons. It is there- 
fore quite reasonable that DDT-resistant 
cabbageworms appeared where they did 
and were not widespread throughout the 
State. 

SumMMARY.—The imported cabbage- 
worm, Pieris rape (L.), was found to have 
acquired field resistance to DDT and three 
related chlorinated hydrocarbons in a 
limited area in southeastern Wisconsin. 
This is the first reported instance of such 
development by a member of the Lepidop- 
tera. 

This resistant population of cabbage- 
worms was not widespread throughout 
Wisconsin but has developed in an area 
with about a 6 to 8 mile radius in Kenosha 
and Racine counties. This area corre- 
sponds to that where DDT was first used 
in the State for the control of cabbage- 
worms and where it has been used most 
consistently in the past 5 years during 
which time a total of 15 generations of 
larvae may have been subjected to DDT 
applications. 

Of several insecticides tested, resistance 
to DDT and Q-137 was very marked and 
some tolerance was shown for TDE and 
methoxychlor. Control with parathion 
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was somewhat erratic within the resistant 
area but in general parathion, metacide 
and malathon gave satisfactory results. 
CS-708 gave excellent control of both 
DDT-resistant and susceptible larvae 
and 269, in less extensive tests, was 
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highly satisfactory from the control of 
resistant cabbageworms. 

Piperony] butoxide did not show syner- 
gistic action to DDT on resistant cabbage- 
worms. However, complicating factors in 
the test gave inconclusive results. 
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House Fly Response to Volatilized Chlorinated 
Hydrocarbon Insecticides" 


Rosert J.}Dickxe, GLENN D. Moore, and Wiiuiam L. Hitsenuorr,* 


Certain commonly used chlorinated 
hydrocarbons give good residual control 
of house flies under laboratory procedures 
in which the insects are enclosed or con- 
fined to treated surfaces. However, when 
a treated surface is exposed to flies in an 
open test cage which permits the insects to 
select an untreated resting site, the control 
results may be relatively poor. Previous 
studies by the senior author demonstrated 
that panels treated with deposits of ben- 
zene hexachloride, chlordane, and DDD 
water suspensions were appreciably less 
toxic to flies than panels treated with 
water suspensions of DDT or methoxy- 
chlor. The residues from water suspen- 
sions were also observed to be appreciably 


University of Wisconsin, Madison 


more toxic to flies than kerosene solutions: 
Box-cages screened at one end were 
employed in these studies which permitted 
test flies to select untreated as well as 
treated surfaces for resting sites. Field 
experiments generally confirmed the re- 
sults of the laboratory tests. 

It was assumed from these studies that 
test procedures which enclosed insects or 
confined them to treated surfaces (e.g., a 
petrie dish) did not differentiate between 


1 Approved for publication by the Director of the Wisconsin 
Agricultural Experiment Station. These studies were aided by a 
contract between the Office of Naval Research, Department of 
the Navy and the University of Wisconsin (NR 161 615). 
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who designed the olfactometer employed in these studies, and 
R. G. D. Steel and the Computing Service of the University of 
Wisconsin for statistical analysis of data. 
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contact toxicity and fumigation from 
volatile insecticides, or account for the 
attractiveness or repellence of an insecti- 
cidal deposit. The relatively poor control 
obtained under field conditions with water 
suspensions of benzene hexachloride, 
chlordane and DDD, and kerosene solu- 
tions of DDT, methoxychlor and chlor- 
dane appeared to be due to a repellence 
of flies from the treated surfaces, while 
the fumigation effect of a volatile insec- 
ticide had relatively little control value 
in an open area such as a well ventilated 
dairy barn. A series of chlorinated hydro- 
carbon insecticides was, therefore, tested 
in an olfactometer as a means of deter- 
mining the effect of volatilized residual 
insecticides on the common housefly. 

ProcepuRE.—kleven chlorinated hy- 
drocarbons were tested: DDT and its 
analogs methoxychlor, DDD, and DFDT; 
chlordane; heptachlor, aldrin, and diel- 
drin; benzene hexachloride and lindane; 
and toxaphene. A proprietary water- 
suspendible concentrate (wettable pow- 
der) was tested as well as the technical 
grade of each toxicant. Two grades of 
kerosene (commercial grade kerosene 
and deodorized insecticide base) were also 
tested to determine the effect of a volatil- 
ized hydrocarbon solvent. 

The olfactometer employed was es- 
sentially a Y-tube in which test flies were 
permitted to express a preference for 
odors carried into it by two parallel air 
ducts. This apparatus was a closed system 
in which a stream of air was divided and 
passed through a set of two 100 ml. jars, 
one of which was a clean empty jar while 
the other contained an insecticide to be 
tested. ‘The parallel streams of air were 
conducted from the jars into the arms of a 
plastic Y-tube, 2 inches in diameter, to 
intermingle in the stem of the Y at a point 
where the test insects were introduced. 
Four sets of Y-tubes were in simultaneous 
operation. The air flow for each Y-tube 
averaged 50 liters per hour, with an aver- 
age pressure of 2 pounds per square inch. 
‘Lhe humidity was kept relatively constant 
by passing the air through a saturated 
NaCl solution, while the temperature of 
the air stream was held at 26° C. by 
means of a thermostratically controlled 
water bath. All tests were conducted in a 
dark chamber. Examinations of the Y- 
tubes were made under a red light after 
a test period of 90 minutes. 
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A proprietary water-suspendible con- 
centrate (wettable power) was tested as 
well as the technical grade of the insecti- 
cide, since the residues from water sus- 
pensions were found in previous studies 
to be more effective than the residues from 
kerosene solution or water emuls:on for- 
mulations. All of the insecticides were 
tested in the dry state. The quantity of 
insecticide placed in the test jars was 
proportional to the concentrations which 
were used in previous laboratory or field 
experiments. For example, 5 gms. of a 
50 per cent DDT wettable powder was 
placed in the 100 m. test jar, since field 
data indicated effective controll of flies 
with a 2.5 per cent suspension spray. Five 
grams of the technical grade DDT was 
used, since a minimum of 5 per cent 
concentration in kerosene solution or 
water emulsion was required for adequate 
control. Not all of the concentrations in- 
dicated for other insecticides gave effec- 
tive control in previous experiments. 
A 2.5 per cent DDD suspens.on or a 5 
per cent methoxychlor kerosene solution, 
for example, gave poor residual control. 
These however were the maximum con- 
centrations feasible as water suspensions 
or kerosene solution sprays. 

In operation, the air flow was main- 
tained through the apparatus for a period 
of 10 minutes before the test insects were 
introduced into the stem of the Y-tubes. 
Twenty-five female houseflies of a stan- 
dard laboratory strain were anesthetized 
with carbon dioxide and introduced simul- 
taneously into each of the Y-tubes. Upon 
recovering from the anesthetic, the flies 
moved freely within the Y-tubes, and 
tended to enter the arm of the tube from 
which the most attractive odors eman- 
ated. Where a fumigation effect did not 
exceed a 10 per cent kill, an average of 
only 23 per cent of the flies were inactive 
or remained in the stem of the Y-tubes 
after 90 minutes exposure. All tests were 
replicated four times. 

Attraction or repulsion was determined 
by comparing the numbers of flies which 
came to rest in either the check arm (con- 
nected with the clean, empty jar) or the 
test arm (connected with the jar contain- 
ing the insecticide tested). Where an 
equal number of flies remained in either 
arm of the Y, a neutral response was in- 
dicated. Attraction to the insecticide was 
indicated where an appreciably greater 
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number of flies entered the test arm (a 
plus difference, or positive response), 
while a greater number of flies in the 
check arm (a minus difference, or negative 
response) indicated repulsion to the volatil- 
ized insecticide. Responding flies were 
considered as only those which entered 
the arms of the Y-tube. Flies which were 
moribund or remained in the stem of the 
tube were considered inactive. The re- 
sults for technical grade aldrin (Table 1) 
will serve as an example of how insect 
response was determined. Nine per cent 
of the flies were moribund, 12 per cent 
remained in the stem of the tube, while 
79 per cent (an average of 19.75 flies) 
responded by entering and remaining in 
the arms of the Y-tube. Of these respond- 
ing flies, 64.6 per cent (an average of 
12.75 flies) entered the check arm, while 
35.4 per cent (an average of 7.00 flies) 
entered the test arm. A differential of 
—29.2 per cent was indicated since the 
flies entering the check arm were consid- 
ered as responding negatively to the vola- 
tilized insecticide. 

All data were evaluated by the Chi- 
Square analysis for variance. Results 
were considered significant when devia- 
tions did not exceed a probability of 5 
per cent, and highly significant when 
deviations did not exceed a probability 
of 1 per cent. Analysis of individual tests 
for homogeneity of results from replica- 
tion to replication, allowing 3 degrees 
of freedom, indicated that all tests were 
significant except for technical grade 
dieldrin. A summary of all olfactometric 
tests are compiled in Table 1. Insecticides 
are listed in a series ranging from the most 
attractive (methoxychlor) to the most 
repellent (kerosene) in their relative effects 
on houseflies. The responses listed for 
dieldrin and for technical grade DDD 
were not significant. Results for the wet- 
table powder of DDT and the technical 
grade of heptachlor were significant, while 
for. all other insecticides the results were 
highly significant. 

Resvuurs.—Methoxychlor and DDT 
were significantly attractive to flies. The 
attraction of the wettable powder and 
technical grade of methoxychlor was high- 
ly significant. Results for dieldrin and 
technical grade DDD were not significant 
and the insecticides were considered re- 
latively neutral in effect. All of. the re- 
maining insecticides were significantly 
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repellent to flies. The repellence of toxa- 
phene and heptachlor was moderate and 
equal in effect for both the wettable pow- 
der and technical grade. Chlordane and 
BHC were extremely repellent, but gen- 
erally equal in effect for the two prepara- 
tions of each texicant. The degree of 
repellence for wettable powder or tech- 
nical grade appeared to vary considerably 
for the remainder of the toxicants tested. 
Differences between these preparations, 
however, were significant for only aldrin 
and DDD where the wettable powders 
were the more repellent. The wettable 
powder of DDD was significantly more 
repellent than the technical grade, while 
for aldrin these differences were highly 
significant. Unrefined kerosene was ex- 
tremely repellent and comparable with 
the wettable powders of lindane and al- 
drin. The insecticide base kerosene was 
only slightly less repellent. 

No moribundity was observed for 
methoxychlor, DDT or kerosene. A high 
degree of moribundity due to fumigation 
effect occurred for heptachlor, lindane and 
BHC. The degree of volatilization ap- 
parently was comparable for the wettable 
powder and technical grade of heptachlor 
(58.3 and 45.0 per cent respectively). 
The wettable powders of lindane and 
BHC were the more effective with a 
moribundity of 87 per cent for lindane 
compared with 24.0 per cent for the tech- 
nical grade, and 45 per cent for BHC 
compared with 26.0 per cent for the 
technical grade. Moribundity was rela- 
tively low for the remainder of the toxi- 
cants tested with a maximum of 9 per 
cent (aldrin technical grade). 

Discussion.—Results of these tests 
may indicate that diluents or other ad- 
juncts have an appreciable influence on 
the effectiveness of insecticidal residues. 
The adverse effect of kerosene is apparent 
as a diluent for residual sprays, especially 
when applied to porous surfaces. Both 
grades of kerosene were extremely repellent 
to flies. Suspension concentrates of DDD 
and adrin (responses of —50.0 and —83.6 
respectively) were significantly more re- 
pellent than the technical grade (responses 
of —9.8 and —29.2 respectively). Flies 
were exposed to equal quantities of the 
toxicant (as technical grade) for aldrin, 
while for DDD the amount of toxicant 
in the technical grade sample was twice 
that of the wettable powder. An explana- 
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tion for these results may be found in the 
adjuncts used in formulating the wettable 
powder concentrates. The diluents or 
spreaders used in these proprietary in- 
secticides, however, were unavailable for 
examination, 

There is some indication that the wet- 
table powders were more volatile than 
the technical grade samples, as demon- 
strated by the degree of moribundity 
observed for the BHC and lindane tests. 
Fumigation effect (expressed in these 
tests by the moribundity observed) ap- 
parently has little correlation with the 
degree of repellence. Lindane and BHC 
were extremely repellent and the volatil- 
ized insecticides gave an appreciable fumi- 
gation effect. Chlordane and kerosene, 
however, were also extremely repellent, 
while little or no moribundity occurred 
following an exposure of flies for 90 min- 
utes. 

The concentrations of volatilized in- 
secticide to which flies were exposed in 
these tests were appreciably greater than 
would be expected from residual deposits 
on wall surfaces. These tests, however, 
may serve as an index of relative attrac- 
tion or repellence. Where an extreme 
degree of repellence to flies was indicated, 
an adverse effect on selection of resting 
sites may occur. An insecticidal deposit 
which will encourage flies to rest on a 
treated surface would appear to be more 
effective under field conditions. These 
studies may explain in part the superior 
control results obtained for residual de- 
posits of water suspensions of DDT 
and methoxychlor as compared with 
water suspensions of BHC, chlordane and 
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DDDoroil solutionsof DDT and methoxy- 
chlor. Discrepancies in the evaluation 
of insecticides under laboratory conditions 
would be explained in part when results 
obtained by a free-choice, open testing 
device were compared with results ob- 
tained with a testing apparatus which 
enclosed and confined flies to insecticidal 
residues. 

SUMMARY AND Conc usions.—Olfacto- 
metric tests indicated that methoxychlor 
and DDT were significantly attractive to 
flies when exposed to the volatilized in- 
secticide. Dieldrin and the _ technical 
grade of DDD were neutral in effect. 
Heptachlor, toxaphene, DFDT, the wet- 
table powder of DDD, aldrin, lindane, 
BHC and chlordane were all significantly 
repellent ranging from moderate repel- 
lence for heptachlor to extreme repellence 
for chlordane. Proprietary wettable pow- 
ders of DDD and aldrin were significantly 
more repellent than the technical grade, 
indicating that these preparations were 
more volatile, or that adjuncts with a 
repellent effect may have been used in 
their formulation. Kerosene was extremely 
repellent and appears to be a poor sol- 
vent for fly sprays formulated for use as a 
residual insecticide. Considerable fumi- 
gation effect was observed for heptachlor, 
BHC and lindane. The wettable powders 
apparently were more volatile than the 
unprocessed technical grade. There ap- 
pears to be no correlation between repel- 
lence and fumigation effect, since little 
or no moribundity occurred for the very 
repellent chlordane and kerosene samples 
or for the relatively attractive methoxy- 
chlor and DDT samples. 





















Studies have already been made on the 
tolerance of citrus fruits and avocados to 
various fumigants tested against the 
oriental fruit fly, Dacus dorsalis Hendel 
(Lindgren & Sinclair 1951). During that 
investigation, the question arose as to the 
effect of the size and composition of the 
load on the concentration of the fumigant 
in the gas phase. A commodity that is be- 
ing fumigated may sorb a fairly large 
amount of the gas, the degree of sorption 
depending on the character of the com- 
modity and the quantity being fumigated, 
and on the fumigant used. If the com- 
modity is packed in a material such 
as corrugated cardboard, excelsior, or 
shredded paper, additional amounts of 
fumigant are sorbed. Under such condi- 
tions, the packing material may sorb 
enough of the gas to reduce the concentra- 
tion in the fumatorium below the amount 
essential to kill the insects. On the other 
hand, commodities fumigated in packing 
materials in which gas exchange does not 
easily occur may be injured by the re- 
lease of the sorbed fumigant from the 
packing material during the storage pe- 
riod. Some fumigants that are readily 
sorbed by commodities during fumigation 
react subsequently with the tissues and 
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Table 1.—Physical constants of fumigants used in these experimerts.' 


are so changed in chemical constitution as 
to be no longer toxic to the insects. 

The main object of the present investi- 
gation has been to determine the effect 
of the load on the concentration of the 
fumigant that remains in the gas phase 
in the fumatorium at different times dur- 
ing the fumigation period. Experimen- 
tally, the task is simply this: the fumiga- 
tion chamber is filled with a load of the 
commodity that is being tested, the fumi- 
gant is evaporated and thoroughly mixed 
within the chamber, and known volumes 
of air are withdrawn at intervals for de- 
termining, by chemical methods, the con- 
centration of the fumigant that remains 
in the gas phase. The difference between 
the quantity of fumigant initially placed 
in the fumatorium and that determined 
in the gas phase is the amount sorbed by 
the exposed surfaces of the chamber and 
its load. The rate of sorption by the load 
can be graphically shown by plotting the 
milligrams of the fumigant per liter of air 
in the fumatorium against the time of ex- 
posure. 

MATERIALS AND Meruops.—The fruit 
samples used in these experiments con- 
sisted of Valencia and navel oranges of 
orchard-run quality in field boxes of ap- 
proximately 2-cubic-foot capacity. The 
fumigation experiments were performed 
in 100-cubic-foot, airtight fumatoria. Be- 
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1. Methyl bromide 





. Ethylene dibromide 


. Hydrocyanic acid HCN 


CH;Br 94.95 


CH.BrCH.Br 187.88 





. Ethylene chlorobromide CH.CICH.Br 148.43 





27.008 
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Col. liq. 1.732 -y 3.56 0.09 


or gas 


Col. liq. 2.1701 131.6 0.431% 





Col. liq. 1.689 + 107-108 0.688% 
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or gas 





2 « =soluble in all proportions. 


1 Data from Handbook of Chemistry and Physics, 31st edition, 1949, Chemical Rubber Publishing Co., Cleveland, Ohio. 
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Fic. 1.—Relation between load (boxes of oranges) 

in a 100-cubic-foot fumatorium and concentration 

of fumigant in gas phase at various sampling inter- 

vals: (A) methyl bromide (dosage, 2 pounds per 

1000 cubic feet; temperature, 70° F.); and (B) 

ethylene dibromide (dosage, 0.5 pound per 1000 
cubic feet; temperature, 70° F.) 


fore fumigation, the fruit samples were 
placed in a temperature-controlled cham- 
ber and brought to a temperature of 
70° F., at 80 per cent relative humidity. 
All fumigations were conducted at a tem- 
perature of 70° F., with continuous circu- 
lation of air within the fumatorium. The 
loads in the two fumatoriums consisted of 
9 and 19 wooden field boxes of oranges, 
respectively, each box weighing approxi- 
mately 60 pounds. The space occupied by 
the 9 boxes was 18 cubic feet, and by the 
19 boxes, 38 cubic feet. Since the samples 
were composed of orchard-run fruit of 
various sizes, the interspace between the 
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Fic. 2.—Relation between load (boxes of oranges) 

in 100-cubic-foot fumatorium and concentration of 

fumigant in the gas phase at various sampling inter- 

vals: (A) ethylene chlorobromide (dosage, 0.75 

pound per 1000 cubic feet; temperature, 70° F); 

and (B) hydrogen cyanide (dosage, 0.5 pound per 
1000 cubic feet; temperature, 70° F.) 





oranges was not determined. 

In experiments designed to determine 
the effect of a typical packing material on 
the sorption of the gas during fumigation, 
excelsior was used in avocado shipping 
flats, in amounts equivalent to that used 
for the commercial shipment of avocados. 
In these experiments 50 shipping flats oc- 
cupying a space of 32 cubic feet in the 
fumatorium were used in each fumigation. 

The fumigants used were methyl bro- 
mide, ethylene dibromide, ethylene chlo- 
robromide, and hydrocyanic acid. Some 
of the physical constants of these four 
fumigants are listed in table 1. All the 
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fumigants, except HCN, have relatively 
slight solubility in water. Hydrocyanic 
acid is exceptional in that it is soluble in 
water in all proportions. The two fumi- 
gants having the lower boiling points 
(methyl bromide and hydrocyanic acid) 
evaporated easily in the fumatorium; the 
two having the higher boiling points 
(ethylene dibromide and ethylene chloro- 
bromide) were evaporated by air circula- 
tion and by heat. A thorough circulation 
of air is necessary in the fumatorium, es- 
pecially with fumigants of high specific 
gravity. 

The concentration of methyl bromide 
in the fumatorium was determined by the 
method of Stenger et al. (1939), with some 
modifications. Their method consists, 
chiefly, in hydrolyzing methyl bromide 
with monoethanolamine and subsequently 
determining the resulting bromide by the 
Volhard method (Hillebrand & Lundell 
1929) or by Kolthoff & Yutzy’s modifica- 
tion (1937) of Van der Meulen’s method 
(1931). Sinclair & Crandall (1952) have 
adapted this method to the quantitative 
determination of ethylene dibromide in 
the fumatorium. Under the right ex- 
perimental conditions, monoethanolamine 
will react completely with ethylene di- 
bromide in the liquid state, and will sorb 
ethylene dibromide from the gas phase 
from a sample of air withdrawn from a 
fumatorium. From the results of these 
reactions, the total bromide content of an 
air sample can be determined by chemical 
analysis, and the ethylene dibromide 
equivalent can be calculated. A similar 
method has been successfully developed 
by Sinclair & Crandall for the quantita- 
tive determination of ethylene chloro- 
bromide. 

A modified Liebig silver-nitrate volu- 
metric method was employed for the de- 
termination of hydrocyanic acid, the end- 
point of the titration being determined by 
the use of a turbidimeter. 

Errect oF Loap on THE TrME-Con- 
CENTRATION CurvES OF Various Fumi- 
Gants.—The data in figures 1 and 2 show 
the influence of the load in the fumato- 
rium on the decrease in concentration of 
the fumigant in the gas phase. Time- 
concentration curves are given for the 
four different fumigants. It can be seen 
that the amount of fumigant sorbed by a 
commodity during fumigation is cor 
related with the character of material 
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being fumigated, and with the physical 
and chemical properties of the fumigant 
(Table 1). 

Methyl Bromide-——Data on methyl 
bromide recovery from an empty fuma- 
torium and from fumatoria containing 9 
and 19 boxes of fruit, respectively, are 
shown in figure 1A. The dosage in 
these experiments amounted to 2 pounds 
methyl] bromide per 1000 cubic feet, which 
is equivalent to 32 mg. per liter of air in 
the fumatorium. 

In the empty fumatorium, the concen- 
tration of methyl bromide in the gas 
phase dropped from 32 mg. to 23.7 mg. 
per liter in the 6-hour exposure period, a 
decrease of 26 per cent. In other words, 
26 per cent of the initial concentration of 
methyl bromide was sorbed by the ex- 
posed surface of the fumatorium in 6 
hours. With a load of 9 boxes of oranges 
in the fumatorium, the concentration of 
methyl bromide decreased from the initia] 
amount to 20.2 mg. per liter during the 
6-hour exposure period, a decrease of 37 
per cent. A similar curve for 19 boxes of 
oranges in the fumatorium showed that 
the concentration of methyl bromide in 
the gas phase decreased to 17.3 mg. per 
liter, a drop of 46 per cent of the initial 
amount added to the fumatorium. 

To arrive at the amount of methyl 
bromide sorbed by the 9 and 19 boxes of 
oranges, a correction should be made of 
the amount sorbed by the empty fuma- 
torium. By subtracting the amount sorbed 
by the empty fumatorium from the 
amount sorbed by the two different loads, 
the amount of methyl bromide sorbed by 
the 9 and 19 boxes of oranges (11 and 20 
per cent of the initial dosage, respectively) 
will be obtained. 

Ethylene Dibromide.—Similar curves 
for ethylene dibromide at a dosage of 0.5 
pound per 1000 cvbic feet are shown in 
figure 1B. This dosage, after correction for 
impurity in the fumigant, is equivalent to 
7.68 mg. per liter of air in the fuma- 
torium. 

In the empty fuiaacorium, 48.5 percent 
of the initial concentration of ethylene 
dibromide was sorbed by the exposed sur- 
face in 6 hours. The curve for the empty 
fumatorium shows graphically that the 
concentration of ethylene dibromide fell 
from 7.68 to 3.96 mg. per liter during the 
time of exposure. With a load of 9 boxes 
of oranges, the concentration of ethylene 
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dibromide decreased approximately 82 
per cent during the 6-hour period, or to 
1.38 mg. per liter. With 19 boxes of fruit, 
the amount of the fumigant decreased 92 
per cent in 6 hours. In other words, only 
0.61 mg. per liter remained in the gas 
phase at the end of the fumigation period. 
Ethylene dibromide, at 0.5 pound per 
1000 cubic feet, was therefore highly 
sorbed by the 9 and 19 boxes of oranges 
when it is considered that these two 
samples occupied only 18 and 38 cubic 
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Fig. 3.—Relation between load (avocado shipping 
flats of excelsior) in a 100-cubic-foot fumatorium and 
concentration of fumigant in gas phase at various 
sampling intervals: (A) methyl bromide (dosage, 
2 pounds per 1000 cubic feet; temperature, 70° F.); 
and (B) ethylene chlorobromide (dosage, 0.75 
pound per 1000 cubic feet), ethylene dibromide 
(dosage, 0.75 pound per 1000 cubic feet), and hydro- 
gen cyanide (dosage, 0.5 pound per 1000 cubic feet), 
all at a temperature of 70° F. 
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feet, respectively, of a total capacity of 
100 cubic feet. 

Ethylene Chlorobromide——The curves 
for ethylene chlorobromide were drawn 
from data obtained at a dosage of 0.75 
pound per 1000 cubic feet, which, after 
correction for impurity in the fumigant, 
is equivalent to 11.63 mg. per liter of air 
in the fumatorium (Fig. 2A). The dosages 
used in these particular experiments are 
higher than those used for ethylene di- 
bromide, but the slope and shape of the 
curves for these two closely related halo- 
gens are not significantly different. Dur- 
ing the 6-hour period, the concentration 
in the empty fumatorium dropped from 
11.63 to 4.88 mg. per liter, which is 
equivalent to a decrease of 58 per cent. 
With loads of 9 and 19 boxes of oranges, 
the concentration in the chamber dropped 
to 2.22 and 1.10 mg. per liter, a decrease 
of approximately 81 and 91 per cent, re- 
spectively. The difference between the 
amount sorbed by the empty fumatorium 
and that sorbed by the load gives the 
amount sorbed by the 9 and 19 boxes (23 
and 32.5 per cent, respectively). 

Hydrocyanic Acid.—The time-concen- 
tration curves for hydrogen cyanide are 
given in figure 2B. The dosage used in 
these experiments was 0.5 pound per 1000 
cubic feet, which, after correction for the 
impurity in the fumigant, amounted to 
7.38 mg. per liter. 

That hydrogen cyanide is highly sorbed 
on surfaces is clearly demonstrated by 
noting the course of the curve for the 
empty fumatorium. The concentration 
in the gas phase decreased from 7.38 to 
3.16 mg. per liter during the 6-hour pe- 
riod. In other words, 57 per cent of the 
hydrogen cyanide was sorbed by,the walls 
of the fumatorium. The high sorptive ca- 
pacity of this fumigant is probably posi- 
tively correlated with its solubility in 
water in all proportions. Moisture films 
on surfaces and biological materials 
generally increase the sorptive capacity of 
hydrogen cyanide from the gas phase dur- 
ing a fumigation. With loads of 9 and 19 
boxes of fruit, the concentration fell to 
1.03 and 0.70 mg. per liter, a decrease of 
86 and 91 per cent of the initial concen- 
tration, respectively. Although liquid 
hydrocyanic acid has a low boiling point 
(26° C.) and an exceedingly high vapor 
pressure at ordinary laboratory tempera- 
tures (654.4 mm. at 22° C.) the load of 
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19 boxes of oranges and the walls of the 
fumatorium sorbed nearly all the fumi- 
gant from the gas phase. 

Sorption OF Various FUMIGANTS BY 
Excexsion Packinc MarTeriAu.—It was 
found early in our experiments on com- 
modity treatments that the material in 
which a product was packed for shipment 
sorbed large quantities of the fumigant. 
Of the many kinds of packing materials 
available, excelsior in avocado shipping 
flats was chosen for these experiments. 
the sorption of the different fumigants 
by this material is shown in figure 3. 

The concentration of methyl bromide 
used in this experiment (32 mg. per liter) 
was the same as that used in the fruit ex- 
periment. With a load of 50 flats of ex- 
celsior, occupying 32 cubic feet in the fu- 
matorium, the concentration of methyl 
bromide decreased from 32 to 17.1 mg. 
per liter, or approximately 46 per cent 
(Fig. 3A). This value includes the methyl 
bromide sorbed by both the exposed sur- 
face of the fumatorium (26 per cent) and 
the excelsior packing material (20 per 
cent). 

Similar curves were constructed and re- 
ported for ethylene chlorobromide, ethy- 
lene dibromide, and hydrogen cyanide 
(Fig. 3B). In comparing these curves, it 
should be noted that the concentration of 
hydrocyanic acid used in these experi- 
ments was different from that of the 
other two fumigants. The data for the 
curves for both ethylene chlorobromide 
and ethylene dibromide were determined 
on the same concentration of fumigant. 
The excelsior material sorbed these two 
fumigants at about the same rate during 
the 6-hour exposure. Dur'ng the fumiga- 
tion period, tke concentration of ethylene 
chlorobromide dropped from 11.63 to 
2.02 mg. per liter, a decrease of approxi- 
mately 83 per cent; the concentration of 
ethylene dibromide fell from 11.52 to 1.49 
mg. per liter, a decrease of 87 per cent. 
The differences between these two series 
of values are not significant. With hydro- 
cyanic acid, the curve descends very 
sharply, as shown by the fact that 81 per 
cent of the initial concentration was 
sorbed by the excelsior material after 1 
hour of exposure. During the total ex- 
posure period, the concentration fell from 
7.38 to 0.73 mg. per liter, a sorption of 
approximately 90 per cent. 

ComMMENTs.—It is interesting to ob- 
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serve the differences in the various curves 
in figures 1 to 3, and to note the differ- 
ences in the physical properties of the 
various fumigants (Table 1). For ex- 
ample, the boiling point of methyl bro- 
mide is 3.56° C., whereas that of ethyl- 
ene dibromide is 131.6° C. Methyl bro- 
mide thus has a much higher vapor pres- 
sure than ethylene dibromide. Ethylene 
dibromide, on the other hand, has a much 
higher specific gravity than methyl bro- 
mide, and higher solubility in water. 
These differences in physical properties 
may account for the greater sorption of 
ethylene dibromide by the loads in the 
fumatoria. 

The chemical constitution of ethylene 
chlorobromide differs from that of ethy- 
lene dibromide in that one chlorine atom 
is substituted for one bromine atom. As a 
result of the lower molecular weight, 
ethylene chlorobromide has the lower 
specific gravity and boiling point. 

The high volatility of hydrocyanic acid 
is shown by the fact that its vapor pres- 
sure at 22° C, is approximately 33 times 
that of water. Unfortunately, the high 
solubility of hydrocyanic acid in water is a 
serious disadvantage in fumigation prac- 
tice, in that high toxic concentrations ac- 
cumulate in the treated commodities. 
Furthermore, hydrocyanic acid is rela- 
tively stable in biological materials at less 
than pH 7.0. 

An inspection of the curves in figures 1 
to 3 shows that both the commodity and 
the packing material sorbed large quanti- 
ties of the fumigant from the gaseous 
phase during the time of exposure. Under 
these experimental conditions, the fumi- 
gant is removed from the gas phase at 
such a rapid rate that the insects are ex- 
posed to constantly decreasing amounts of 
the fumigant. To offset this rapid decrease 
in concentration caused by sorption, an 
additional amount of the fumigant should 
be added to the chamber to raise the con- 
centration to a level that is toxic to the 
insect. The problem is to determine at 
what point on the curve additional 
amounts of the fumigant may be added 
to the chamber without causing injury to 
the fruit. 

The relation between dosage, time of 
exposure, and temperature is fundamental 
to successful fumigation practice. For ex- 
ample, if a given insecticide produces 
100 per cent mortality of an insect at 2 





August 1952 


pounds per 1000 cubic feet at 80° F., a 
lowering of the temperature 10 degrees is 
usually compensated for by increasing 
either the dosage 0.5 pound or the time 
of exposure 0.5 hour. This relationship 
was established by Latta (1940, 1941), 
and used extensively by Steinweden 
(1945). For methyl bromide, English 
(1944) has placed these variables into the 
following equation: 


D E=40.23e—°-°T, 


where D =the dosage in pounds of CH;Br 
per 1000 cubic feet, E=the exposure in 
hours, and T =the temperature in degrees 
Fahrenheit. 

It must be realized that this equation 
does not take into consideration the tox- 
icity of the fumigant to the fruit that is 
being fumigated. If the margin of safety 
is small between the concentration of the 
fumigant required to kill the insect and 
that sufficiently low to avoid injury to the 
fruit, an increment of increase in either 
the dosage or the time of exposure could 
produce severe damage to the fruit. 

SummMary.—The relation of load in the 
fumatorium to the amount of fumigant 


sorbed from the gas phase during a 6-hour 
exposure period was determined for 


methyl bromide, ethylene dibromide, 
ethylene chlorobromide, and hydrocyanic 
acid. 

Time-concentration curves were de- 
termined with the various fumigants in 
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an empty fumatorium, and in fumatoria 
containing loads of 9 and 19 boxes of 
citrus fruits (Valencia and navel oranges) 
occupying 18 and 38 cubic feet, respec- 
tively. Similar curves were determined on 
50 avocado shipping flats of excelsior, 
which occupied 32 cubic feet in the fuma- 
torium. All experiments were performed 
in 100-cubic-foot capacity airtight metal 
fumatoria. 

These results are of practical value in 
that they show the high sorptive capacity 
of oranges and excelsior for the various 
fumigants, even though the commodities 
never occupied more than 38 per cent of 
the space in the fumatorium. 

The amount of a fumigant sorbed by a 
commodity during fumigation depends 
on the character of the material being 
fumigated and on the physical and chemi- 
cal properties of the fumigant. 

Under these experimental conditions, 
ethylene dibromide and ethylene chloro- 
bromide were sorbed to about the same 
extent on the exposed surface of the excel- 
sior. The solubility of hydrocyanic acid in 
water in all proportions is highly cor- 
related with its high sorption by the fruit 
and excelsior. 

The sorption experiments with excelsior 
indicate that when fruit is fumigated it 
should be treated without packing ma- 
terials. Dosages recommended for fruit, 
only, should not be used in fumigating 
samples that are packed or wrapped. 
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BOOK NOTICES 


An IntrRopucTION To AcAROLOGY, by Edward W. 
Baker and G. W. Wharton. The Macmillan Com- 
pany, New York, 1952. 8}54 inches. xiv+565 
pp. frontis. 377 figs. cloth bound. $10.00 net. 


In view of the increasing awareness of the impor- 
tance of mites and ticks, and because such a work has 
been badly needed for years, it is a pleasure to wel- 
come this outstanding book to the texts which eco- 
nomic entomologists cannot do without. Both 
authors, Dr. Edward W. Baker, of the Bureau of 
Entomology and Plant Quarantine, and Dr. G. W. 
Wharton of Duke University, are well-known acarol- 
ogists. There are eight chapters, the first being an 
introduction that includes the collecting, preparation 
structure, development and ecology of mites in gen- 
eral. The remaining seven chapters cover the fol- 
lowing suborders of the Acarina, Onchyopalpida, 
Mesostigmata, Ixodides, Trombidiformes, and 
Sarcoptiformes. There are keys to the groups com- 
prising the suborders and to the 228 families. Each 
family is discussed diagnostically and there are lists 
of the genera and their type species. In addition 
there are numerous accounts of the biology and of 
the economic importance of various species, refer- 
ences to the literature, and numerous drawings of 
the representatives of each family, the whole com- 
prising an excellent, concise and extensive introduc- 
tion to acarology, which opens up a fascinating field 
for the ecologist, zoologist, and taxonomist. Mites 
are everywhere, under stones, bark, debris, rotting 
wood, in soil, water, moss, etc. Others are associated 
with plants and insects. Many are parasitic on bats, 
snakes, lizards, various vertebrates and inverte- 
brates. Many are economic and medically important 
pests, such as gall, rust, grain, mushroom, citrus, 
cheese, itch, and follicle mites, those carrying dis- 
eases, etc. Others are found in the respiratory pas- 
sages of snakes and honey bees. With such a wealth 
of field material close at hand and with such a reli- 
able and carefully written “Introduction to Acarol- 
ogy,” there certainly should be an increase in the 
number of students of acarology during the coming 
years. ““No dramatization in lectures, radio or tele- 
vision is permitted” by The Macmillan Company. 
—H.B.W. 


Tue Apnip Genus PeripHyiius, A SysTEMATIC, 
BioLoaicaL, AND Ecouoeicat Stupy, by E. O. 
Essig and Frieda Abernathy. University of Cali- 
fornia Press, Berkeley and Los Angeles, 1952. 
8454 inches. viii+166 pp. 43 figs. cloth bound. 
$3.00. 

This book which is aptly described by its title is 
the result of six years of intensive study, particu- 
larly of three species in the genus, by our well-known 
and versatile Professor Essig, assisted ably by Frieda 
Abernathy who is responsible for the excellent scien- 
tific illustrations and the detailed field studies. In all 
there are eleven chapters. Ten of them are each de- 
voted to a single species, these being the sycamore 
maple aphid, the American maple aphid, the Colo- 
rado maple aphid, the California maple aphid, the 
Formosa maple aphid, the Koelreuteria aphid, the 
Japanese maple aphid, the Norway maple aphid, 
the boxelder aphid and the European maple aphid. 
Species of the genus Periphyllus occur over a large 
area of the world. For each species considered there 
are descriptions of the forms, historical, taxonomic 
notes, distributional records, and host plants. In 


addition the life history is given when known. The 
development of certain species and their life his- 
tories are very complex and this is well illustrated by 
the authors in their account of the California maple 
aphid in which 17 different types or forms of individ- 
uals were studied and recognized. In order to cata- 
logue the types of this amazing species, additional 
symbols were created for their separation, This work 
should stimulate further study on the part of stu- 
dents who have the patience, and the urge to make 
additional discoveries. The field is wide open and the 
species of this genus are wide spread geographically 
and frequently numerically abundant. An interest- 
ing and important pioneer contribution.—H.B.W. 


Forest Entomo.iocy, by Samuel Alexander Gra- 
ham. Third Edition. McGraw-Hill Book Com- 
pany, Inc., New York, Toronto, London, 1952. 
9X6 inches. x+851 pp. frontis. 85 figs. $6.00. 


The third edition of Professor Graham’s familiar 
and standard “Forest Entomology” has just ap- 

ared as one of The American Forestry Series pub- 
ished by the McGraw-Hill Book Company, Inc. 
The first edition was printed in 1929, the second in 
1939. The present edition has been thoroughly re- 
vised so as to include new control techniques and 
other changes that have been developed over the 
intervening years. The author, who is well-known 
and highly regarded in his field, develops the prin- 
ciples of forest entomology in nineteen comprehen- 
sive chapters covering a historical review, methods 
and techniques for insect surveys in forests, the re- 
production potential of forest insects, the environ- 
mental resistance to insect increase, insect popula- 
tion levels, various control methods such as by 
chemicals, by food supply modification, by parasites, 
and by silvicultural practices. The insects under 
consideration are grouped in accordance with their 
feeding habits, as leaf eaters, sap suckers, meriste- 
matic insects, phloem insects, phloem-wood insects, 
and wood destroyers. An extensive bibliography and 
an adequate index complete the volume. The entire 
work is a philosophical and concise presentation of 
the principles of forest entomology from all angles 
by an author who is thoroughly conversant with the 
subject and its various ramifications. Although cer- 
tain forest insects are mentioned to illustrate prin- 
ciples and control practices, the text is fully abreast 
of the latest insecticides and their methods of appli- 
cation. This is a highly satisfactory book for students 
and foresters.—H.B.W. 


Tue Fatse Sprper Mires or Cauirornia (Acarina: 
Phytoptipalpidae) by A. Earl Pritchard and Ed- 
ward W. Baker. University of California Press, 
Berkeley and Los Angeles, 1951. 166% inches. 
iv+983 pp. 45 figs. paper covers. $1.00. 


This systematic, monographic study of the false 
spider mites‘of the family Phytoptipalpidae is vol- 
ume 9, number 1 of the excellent University of Cali- 
fornia Press Publications in Entomology. Although 
the present paper is a taxonomic revision it includes 
consideration of several important economic species 
and the family as a whole is very well represented n 
the California fauna. In addition to keys to the 
North American genera and California species, there 
are descriptions of 24 new species. Some of the 
economic species are cosmopolitan in distribution.— 


H.B.W. 
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SCIENTIFIC NOTES 


Soil pH in Relation to Japanese 
Beetle Populations 


R. D. Wesset! and J. B. PotrvKa, Ohio 
Agricultural Experiment Station, Wooster 


The Japanese beetle, Popillia japonica Newm., 
was first discovered in Ohio in 1931. Since that time 
a few new points of infestation have been recorded 
each year until, at present, 110 are known. During 
the past 10 years a progressive dispersal through nat- 
ural flight of the beetle has taken place in several 
areas. In eight of these, continuous infestations of 
economic importance prevail. 

A study of the effect of various factors of the 
edaphic environment was undertaken to gain infor- 
mation that might help to explain why the beetle 
population increases in some areas while other areas, 
with infestation records of the same age, remain rela- 
tively inactive. This paper presents the results of a 
four year study concerning the influence of soil pH 
on Japanese beetle populations. 

INVESTIGATIONS UNDER CoNTROLLED PH Conpt- 
TIONS.—In August of 1949 a controlled experiment 
was established at Springhill Cemetery in Wellsville, 
Ohio, using five acidity levels. The normal pH of the 
area was found to be pH 4.30 to pH 4.50. The soil 
pH was adjusted by application of the following 
treatments. 

. Intended pH 3.00. 696.9 pounds of flowers of 
sulphur was added per acre. 

. Intended pH 4.30. Untreated. 

. Intended pH 5.75. 1333 pounds of pulverized 
agricultural limestone was added per acre. 

. Intended pH 7.00. 3000 pounds of pulverized 
agricultural limestone was added per acre. 

. Intended pH 8.00. 16,000 pounds of pulverized 
agricultural limestone was added per acre. 

A plot size of 475 square feet was used and the 
treatments were replicated 6 times. The experi- 
mental area was plowed to a depth of four inches, the 
treatments were applied, and a disc was used to 
work the materials into the soil. Grass seed was sown 
and the entire area was covered with straw for the 
winter, 

Duwing July and August of 1949 counts of eggs 
and first instar larvae were taken in these plots to 
determine the possible effect of soil acidity on the 
oviposition sites chosen by the adult females. Three 
one-third square foot samples to a depth of four 
inches were taken weekly from each plot for four 
weeks and examined for eggs and first instar larvae. 
In 1950 six samples were taken from each plot during 
the third week in July. The results obtained from 
sampling the plots both years are shown in table 1 
and the comparative significance of these data is 
shown in table 2.? 


Table 1.—The number of eggs and first instar 
larvae found in the pH plots at Wellsville, Ohio, 
during July and August of 1949 and July in 1950. 








1949 1950 





TREAT- 
MENTS 
(Intended 

pH) pH 


3.00 
4.30 
5.75 
7.00 
8.00 


Eggs and Ist 
Actual Instar Larvae 
Per Sq. Ft. 


Eggs and Ist 
Actual Instar Larvae 
Per Sq. Ft. pH 


39.3 . ll. 
31.4 . . 
28.3 
28.9 
18.0 








Table 2.—The comparative significance be- 
tween treatments of eggs and first instar larval 
counts taken from the pH experiment at Wells- 
ville, Ohio, during 1949 and 1950. 








TREATMENTS 
l 2 3 + 
1949 1950 1949 1950 1949 1950 








1949 1950 





- + - 





+ Significant difference. — No significant difference. 


Since the treated plots had not reached the desired 
equilibrium at the time the samples were taken, the 
actual pH values are included in the above table. 
The pH samples were taken during the July-August 
periods of each year. 

The 1949 data show that the number of eggs and 
first instar larvae in the highest pH plots was signifi- 
cantly smaller than the numbers found in any of the 
other treatments. While the data for 1950 indicated 
a similar trend in population for the various treat- 
ments, no significance was found between the popu- 
lations of the lowest and highest pH plots. 

Larval counts were taken in October of 1949, 1950, 
and 1951. Six similar samples were examined from 
each plot in order to observe the extent of larval sur- 
vival throughout the various pH levels. These data 
are shown in table 3 and the comparative signifi- 
cance between treatments in table 4. 

Actual pH values in the above table were obtained 
by averaging the hydrogen ion concentration of soil 
samples taken during August, September, and Oc- 
tober of each year. 

In 1949 surviving larvae were significantly fewer 
in treatments one and five. In 1950 and 1951, the 
greatest number of larvae were found in treatment 
—_ while the lowest number were taken in treatment 

ve. 

Following the initial treatments and throughout 
the 1949 adult flight season, the plots to which sulfur 
was applied were practically devoid of vegetation. 
Even though the greatest number of eggs were found 
in these plots it is possible that the lack of succulent 
food in adequate quantity was largely responsible for 
the low number of larvae found in the fall of that 
year. However, by the time the adult flight season of 
1950 occurred, plants which were suited to the acid 
condition of these areas had become well enough es- 
tablished to provide adequate food and thus pro- 
mote the survival of the larvae which hatched from 
the eggs deposited in these plots. 

The fact that the least number of larvae were con- 
sistently found in the plots of highest pH would 
seem to indicate that either (1) actually fewer eggs 
are laid in soil as it approaches alkalinity or (2) that 
hydrogen ion concentrations of this magnitude have 
some detrimental effect upon larval survival. 

These data seem to indicate that optimum ovi- 
position is closely associated with high acid soil con- 


1 This paper is a portion of the dissertation material presented 
to The Ohio State University by the senior author in partial 
fulfillment of requirements for the de; Doctor of Philosophy. 

2 The authors wish to credit Dr. D, R. Whitney of the Sta- 
tistics Laboratory at The Ohio State University for his help in 
the analysis of these data. He applied the test develo; by 
Mann & Whitney (1947). 
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Table 3.—The number of larvae found in the pH plots at Wellsville, Ohio, during October 1949, 








1949 











1950 1951 














TREATMENT Mean Number 
(Intended Actual of Larvae 
pH) pH per Sq. Ft. 








Mean Number Mean Number 
Actual of Larvae Actual of Larvae 
pH per Sq. Ft. pH per Sq. Ft. 














‘ 3.80 33.3 

4.30 4.25 53.3 
75 4.80 55.7 

5.25 52.8 

6.80 36.5 








4.10 34.8 4.20 30.5 
4.30 25.3 4.50 28.5 
4.80 26.0 5.10 24.5 
5.30 26.8 6.18 22.7 
6.80 23.2 7.66 18.2 











ditions. However, since some eggs were found at pH 
6.83, it is possible that the upper threshold for egg 
deposition probably occurs within the alkaline range. 

The optimum pH for larval survival appeared to 
range downward from the vicinity of pH 4.50 to the 
point at which very little vegetation survived. This 
point, within the acid range, at which plant growth 
is inhibited will probably describe the lower thresb- 
old for larval development and survival. An upper 
threshold was not indicated by these data. Since lar- 
vae were found at pH 7.66, the upper limit of devel- 
opment must lie at an even more alkaline pH. 

InvesTIGATIONS UNDER NATURAL ConDITIONS.— 
The investigation of the relationship between larval 
populations and soil pH under natural conditions 
demanded experimental areas with a great latitude 
of soil pH variability. Golf courses which present an 
extensive, complex, and wide variation in types and 
conditions of soil offer the best opportunities for 
studies of this nature. 

The experimental procedure required the selection 
of a number of random points in a golf course for 
study. At each location a larval population count 
and several borings for pH determination were 
taken, 

The location of these studies was the Oakwood 
Country Club, Cleveland Heights, in September 
1948, the Marietta Country Club, Marietta, in May 
1950, and the Belleview Golf Course, Steubenville, 
in May 1950. The data taken are shown in table 5. 

These data were also analyzed by D. R. Whitney. 
It may be noted that the Oakwood data exhibit a 
significant association of high numbers of larvae 
with low soil pH. In the. Belleview Golf Course, the 
data indicate a similar association although statis- 
tical significance is lacking. The optimum range of 
larval distribution indicated by the data from these 
two locations fell between pH 4.00 and 4.50. This 
coincides rather closely with the optimum range sug- 





Table 4.—The comparative significance between treatments of larval counts taken from the pH 
experiments at Wellsville, Ohio, during October 1949, 1950, and 1951. 






soil pH under natural conditions. 








Mean NuMBER OF LARVAE PER Sa. Ft. 





Table 5.—The relation of larval population to 





pH 








Rance Oakwood Marietta Belleview 
3.8-3.9 15.0 

4.0-4.1 128.0 13.2 
4.2-4.3 85.9 14.5 
4.44.5 52.9 40.8 
4.6-4.7 7.5 4.5 
4.8-4.9 8.4 10.8 18.0 
§.0-5.1 3.0 6.0 .0 
§.2-5.3 12.6 14.2 6.0 
§.4-5.5 5.1 17.4 .0 
5.6-5.7 9.0 11.1 11.0 
5.8-5.9 .0 4.5 1.5 
6.0-6.1 1.3 2.0 18.0 
6.2-6.3 6.0 .0 
6.4-6.5 1.3 .0 
6.6-6.7 15.0 9.0 
6.8-6.9 13.0 

df=3 X?= 16.28 X?= .45 X?= 4.16 


X?.01=11.34 X°.05=7.81 X?.05=7.81 





gested by the data from the controlled experiment at 
Wellsville. The data from Marietta, however, 
showed no such association. It may be noted also 
that in the Marietta area the entire range of soil pH 
was higher. 

' SummMary.—Data collected from experiments deal- 
ing with controlled soil pH levels indicated that fe- 
male beetles laid more eggs in soils of high acidity. 
Larval counts revealed that the optimum soil pH 
for larval survival ranged from approximately pH 
4.50 downward. Since larvae were found at pH 7.66 
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the upper developmental threshold must lie at an 
even greater alkaline pH. Studies under natural con- 
ditions showed that the greatest numbers of larvae 
were associated with the range pH 4.00 to 4.50. 

It is concluded that larvae of the Japanese beetle 
have a broad tolerance of soil pH. Nevertheless, it is 
deemed possible that rapid population increases may 
be favorably influenced by low soil pH conditions, 


LITERATURE CITED 
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The Attached Bait Pan Fly Trap 


H. F. Scnoor, Communicable Disease Center 
Public Health Service, Federal Security 
Agency, Atlanta, Georgia 





For many years, fly traps have been employed as 
a means of appraising domestic fly populations and 
as a supplementary method of control. Currently, 
the latter function has been relegated to a position 
of minor importance because of the more successful 
approaches of sanitation and chemical treatments in 
attaining acceptable fly abatement. In the evalua- 
tion of fly populations, the chief purpose of traps is 
to measure the qualitative aspects of fly prevalence. 
In addition, traps also provide an excellent tool to 
collect specimens for virologic or bacteriologic ex- 
amination (Melnick 1949). For these functions, the 
standard USDA metal trap (Bishopp 1937) has 
proved to be too unwieldy and expensive in conduct- 
ing routine sampling operations. To remedy these 
shortcomings, a smaller version of the USDA trap 
was designed (Coffey 1948) (Figure la). Despite the 
increased efficiency of the smaller unit, it did not 
meet fully the requirements of a moderately-priced, 
easy-to-handle trap. The increased need for such a 
device on the Communicable Disease Center’s Polio- 
myelitis Investigations, Fly Control Program subse- 
quently led to the adoption of a modification of the 
attached-bait pan type of fly trap, originally em- 
ployed by Drs. L. R. Penner and J. L. Melnick! to 
sample fly populations in Connecticut and to collect 
flies for virological tests. This article describes the 
modified trap and its field usage. 

The attached-bait pan trap depicted in Figure 1b 
evolved from the improvised prototype used by 
Penner & Melnick. Essentially, the trap consists of 
three main parts, the cage, bait pan, and metal 
standard. The cage (6.125 inches diameter, 8.125 
inches high), has a removable screened lid and a 
built-in cone and is constructed to fit snugly over the 
upper rim of the bait pan. The latter (5.31 inches 
diameter, 4.5 inches high) can be described as a 
metal cylinder provided at the middle with a one and 
a half inch rib of hardware cloth. One end of the 
cylinder is solid. Both the cage and the bait pan have 
a single stove bolt attached to one of the three verti- 
cal support strips. 

The metal standard is constructed of 1.25 by 1.25 
inch angle iron, 23.25 inches in length, fitted with a 
curved handle of strap iron. Two 5.25 inch sections 
of angle iron welded are to the standard, one at the 
top and the second at mid-point. The latter serves 
as a footrest for forcing the standard into the ground, 
while the top bar is a hand support. Two keyhole 
slots bored into the standard at appropriate loca- 
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Fic. 1.—(a) Modified USDA trap left, (b) attached- 
bait pan trap right. 


tions receive the heads of the stove bolts fastened to 
the bait pan and cage. 

For trap operation, a quarter or half pint ice 
cream carton containing suitable fly attrahents is 
placed in the bait pan. The latter is then inserted 
into the open bottom of the cage after which the two 
sections are attached as a unit to the metal standard. 
The device can now be either inserted in the ground 
or suspended from a tree limb or fence. 

Functionally, the trap operates the same as the 
conventional types. Flies are attracted to the bait, 
then move upwards towards the light source and 
through the cone opening into the cage. To deter- 
mine if the qualitative sample of the fly population 
obtained by the attached-bait pan trap was similar 
to that yielded by the modified USDA type, limited 
comparative tests were effected at Troy, New York, 
Charleston, West Virginia, Muskegon, Michigan, 
Topeka, Kansas, and Phoenix, Arizona, in 1949. In 
each test, both types of traps were baited with the 
same ingredients (fish or meat, rotted fruits and 
vegetables) and operated for two periods of 24 hours 
each at two different sites in the same general area 
(usually a single block). The two trapping stations 
in most instances were at opposite ends of the same 
block. After operation of the two traps at opposite 
sites for one 24 hour sample, their positions were re- 
versed for the second trap day. By not running the 
traps in juxtaposition, the influence of one trap on 
the capturing power of the other was minimized. 

Results indicated that the composition of the flies 
captured by the attached-bait pan trap was similar 
to that shown in collections from the modified type. 
On a percentage basis, 94 per cent and 89 per cent of 
the flies collected by the modified and bait pan trap, 
respectively, consisted of Musca domestica, Phaenicia 
sericata, P. pallescens, Phormia regina, Callitroga 
macellaria and Sarcophagidae. Except for a reversal 
of rank order between the two species of Phaenicia, 
the sequence of prevalence was the same for both 
traps. A similar pattern was reflected in the individ- 
ual data from each of the five cities. As would be an- 
ticipated, the volume of flies recovered by the modi- 
fied trap usually exceeded that secured by the at- 


1 University of Connecticut and Yale University School of 
Medicine, respectively. The writer is indebted to these workers 
for providing him with a sample of their prototype trap and for 
suggestions regarding its improvements. 
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tached-bait pan trap, a result ascribed to the greater 
quantity of bait exposed with the larger trap. This 
discrepancy in volumes generally increased when fly 
populations were at maximum levels. In no test did 
the smaller trap fail to capture flies even when the 
number of specimens taken by the modified trap was 
of a low order of magnitude. 

From these tests and from substantiating evidence 
supplied by two seasons of field use on fly control 
programs, it is apparent that for qualitative sam- 
pling of fly populations, the attached-bait pan trap 
can readily supplant the larger model device. Al- 
though the smaller amount of bait employed by the 
attached-bait pan trap results in a lesser volume of 
flies collected, the numbers procured are sufficient 
for evaluative analysis. 

Advantages of the attached-bait pan trap over 
the other types are that it is smaller and can be dis- 
assembled, thereby permitting ease of handling in 
transportation, in killing and removing specimens, 
and in storage. In addition, suspension of the trap 
from trees or fences augments the number and types 
of locations where the device can be utilized. In 
large scale operations, the lesser quantity of bait 
required per unit also is an advantage. On a cost 
basis, the attached-bait pan trap can be con- 
structed at less expense than the standard size metal 
fly trap. Because of current fluctuations in the cost 
of metal supplies, it is impossible to quote a price 
which can be considered standard. As late as Febru- 
ary, 1952, however, an order of 30 traps was com- 
pleted at a cost of $5.50 per unit. 

At present, the attached-bait pan trap is being 
used successfully at CDC installations to sample fly 
populations qualitatively and to collect specimens 
for virologic analysis and for fly dispersion studies. 
The detailed work plan for this trap can be secured 
by writing to: Officer in Charge, Communicable 
Disease Center, U. S. Public Health Service, 50 
Seventh Street, N.E., Atlanta, Georgia. 
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Attractants for the Green June Beetle 
with Notes on Seasonal Occurrence’ 


C. M. Becxnam and Minter Dupre, 
Georgia Experiment Station 


While observing bait pails during the summer of 
1949 in peach orchards in Spalding County, Georgia, 
it was noted that adults of the green June beetle, 
Cotinus nitida L., were attracted to a bait used for 
the oriental fruit moth. The green June beetle has 
been long regarded as a nuisance on ripening fruits, 
especially peaches, figs, and bunch grapes and many 
requests have been received for control measures. 
The larval stage of this insect is recognized as a pest 
in pastures, lawns, and golf greens, With the recent 
trend toward increased pasture acreage in the state 
the damage of the green June beetle may become 
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even more serious. Observations during the last 
three years indicate this insect is on the increase. 
On several occasions this insect has been observed 
literally swarming over pasturelands. 

Apparently the oriental fruit moth bait, which 
contains terpinyl acetate and malt extract as the 
principal ingredients, has not been reported as an 
attractant for the green June beetle. Frost & 
Dietrich (1929) reported that Cotinus nitida L. was 
captured in moderate numbers from July 10 to 
August 28 near Arendtsville, Pennsylvania, during 
the seasons of 1926, 1927, and 1928. Traps sus- 
pended in peach trees consisted of fermenting sugar 
or molasses solutions placed in No. 10 tin pails. 
According to Muma (1944) in Maryland, technical 
caproic acid is an effective attractant for this in- 
sect. Data collected showed that a total of 1168 
beetles were caught in two traps operated from 
June 28 to August 14, Caproic acid diluted 50 per 
cent with light white mineral oil to reduce the rate 
of evaporation was also used. 


Table 1.—Number of green June beetles col- 
lected in peach orchards, using two baits, Spald- 
ing County, Georgia, 1949-1951. 








OrnrentaL Fruit Motu 











Copiinec Mora Bait Bait 
OrcwHarp 1949 1950 1951 1949 1950 1951 
Num- Num- Num- Num- Num- Num- 
Y ber ber ber ber ber ber 
Gaissert 3 1148 
Prothro 36 676 9 1533 1635 513 
Station 84 158 28 1474 1281 813 
Weldon 765 1621 
Total 123 1599 87 4155 4537 1326 





Metuops AND Marertats.—In the study con- 
ducted at Experiment, Georgia, two baits, referred 
to as the oriental fruit moth and the codling moth 
baits, were compared for three years. The oriental 
fruit moth bait, slightly modified from Rosenstiel 
(1949), consisted of 2.4 pounds malt extract, 14 
grams terpinyl acetate, 8.5 grams bentonite, and 
5.7 grams of benzoate of soda, in 5 gallons of water. 
The codling moth bait was prepared by adding 
bentonite soaked in one pint of water plus 20 ml. 
anethole to 38 grams benzoate of soda, one quart of 
molasses, and 5 gallons of water. Both stock mate- 
rials were diluted to about 1 to 3 with water and 
used in No. 5 tin pails suspended in peach trees. The 
bait was replenished when necessary because of 
evaporation or dilution by rain. 

During the three seasons, pails were observed for 
the following periods: May 3 to November 1, 1949; 
May 8 to September 28, 1950; and April 30 to 
October 18, 1951. Pails were examined twice a week 
and the adult green June beetles were removed and 
counted each time. On many occasions during ex- 
amination, beetles were observed to escape, and 
more could have been collected except for the fact 
that the pails became full of beetles. 

Resutts anp Discusston.—Table 1 shows the 
number of beetles caught in pails located in peach 
trees of four orchards during the three years. It will 
be noted that fewer beetles were collected in the 
pails in 1951. This was due to the fact that ? inch 
hardware cloth was used to exclude the green June 
beetles which, because of their number, often inter- 


1 Paper No, 224, Journal Series, Georgia Experiment Station, 
Experiment, Georgia. 
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fered with the count of other peach insects, However, 
some beetles managed to enter the wire barrier. Two 
pails, located in the Station orchard, not covered 
with the hardware cloth and containing the oriental 
fruit moth bait collected 7660 beetles. This gives an 
indication of the number of beetles present in the 
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Fig. 1.—Number of adult green June beetles col- 
lected in bait pails in peach orchards, Spalding 
County, Georgia, 1949-51. 


Beetles of both sexes were attracted to the bait 
pails. Examination of 200 beetles, selected at rand- 
om from specimens collected during July and 
August 1950 and preserved in alcohol, showed about 
60 per cent males and 40 per cent females. 

The seasonal occurrence of adult green June 
beetles as determined by bait pail collections for 
the three years is presented in figure 1. The earliest 
date that a beetle was collected in a bait pail was 
May 15, 1950. Beetles were collected as late as 
September 23, 1951. However, the period of greatest 
activity was between July 1 and August 20. Records 
indicated a relationship between rainfall and the 
time of emergence, with more beetles emerging 
after a heavy rain which thoroughly wet the soil. 
However, rainfall records were not available for each 
peach orchard where the pails were located so this 
fact was not established. 

To determine the effectiveness of the oriental 
fruit moth bait near pastureland, a 50-pound lard 
can containing this bait was observed from July 19 
to August 24, 1950. A total of 2172 beetles were 
collected in the can in slightly over a month. 

A preliminary study was made during 1949 to 
determine whether the complete formula of the 
oriental fruit moth bait was necessary or whether 
the fermenting malt alone would attract the 
beetles. Limited observations of several pails located 
in fig trees and also on the edge of a pasture in- 
dicated that the complete bait containing the 
terpinyl acetate was more effective than the malt 
alone. This was studied further during 1951. Two 
pails containing each of the two baits were com- 
pared in a peach orchard. In one set of pails the 
complete oriental fruit moth bait was used, while 
in the other pails a bait of only malt extract, benzo- 
ate of soda (to slow the rate of fermentation) and 
water was used. Pails were observed from June 30 
to October 18. A total of 7660 beetles were collected 
in pails containing the complete oriental fruit moth 
bait and 9334 in pails containing the malt bait. 
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Results show that the malt bait is highly effective 
as an attractant for this insect and terpiny]l acetate 
is not needed in the formula. 

The use of bait pails may serve as an aid in re- 
ducing the infestation of the green June beetle on 
ripe fruit when insecticide control cannot be prac- 
ticed. Pails containing the malt bait may be sus- 
pended in peach or fig trees, and grape vines. Also, 
bait pails may supplement other control measures 
and have application around pastures and golf 
courses. The malt bait is recommended because the 
ingredients are readily available and the stock 
material is easily prepared. 

Summary.—Emergence of the green June beetle 
was studied for three years by co.lecting adults in 
bait pails suspended in peach trees. Two baits were 
compared. One consisted of anethole and molasses 
as the attractants and the other contained terpinyl 
acetate and malt extract. The latter bait was con- 
siderably more effective in attracting this insect. 
Further study showed that a bait consisting of only 
malt extract, benzoate of soda, and water was as 
effective as the complete bait containing terpinyl 
acetate. The period of greatest emergence of the 
beetles was between July 1 and August 20. Both 
male and female beetles were attracted to the bait 
pails. The use of bait pails containing the malt bait 
is suggested as an aid in reducing infestation of this 
insect on ripe fruit. Bait pails may have further ap- 
plication as a supplemental control measure around 
pastures, lawns, and golf courses. 
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Tick Paralysis: A Note on a Human 
Case Caused by a Male Tick'* 


Joun H. Brown? 


On June 10, 1940, Mr. G. D. R., a 20-year-old 
employee of the Alberta Department of Public 
Health visited the heavily tick-infested area around 
Manyberries for the purpose of making a spotted 
fever tick (D. andersonii) survey. He had been pro- 
tected against spotted fever by a series of three 
inoculations ending on May 18, 1940. As he had 
served two previous years on the survey he was 
well acquainted with the necessity for carrying on 
nightly examinations of his person in order to 
remove any attached ticks as a protection against 
tularemia and tick paralysis and, by all accounts, 
faithfully carried out the routine. 

June 10, 11, 12, and 13 were spent dragging for 
ticks in the Manyberries area. On the morning of 
June 12 Mr. G. D. R. complained of feeling unwell 
with a soreness in the left arm. He described the 
soreness as being a heaviness similar to that follow- 
ing the inoculation. However, he was able to con- 


1 Contribution No. 48, Division of Entomology, Alberta 
Department of Public Health. 

? Director, Division of Entomology, Alberta Department of 
Public Health, Edmonton. 





738 JOURNAL OF Economic ENTOMOLOGY 


tinue working. No medication or treatment was 
applied. 

On June 13 the condition persisted and great 
difficulty was experienced in using the arm. This 
state continued until about 2 p.m. when the soreness 
suddenly abated and the arm felt normal. That 
evening a thorough search of the body was con- 
ducted by Mr. G. D. R. and the author and a male 
tick was found firmly attached amongst the hairs 
of the left axilla. The tick was removed and the 
wound treated with iodine. The tick was sent on 
June 16, as collection No. 1-83-40, to Dr. R. J. 
Gibbons, Dominion Virological Laboratory, Kam- 
loops, B. C., for examination as to its ability to 
cause paralysis in experimental animals. No report 
was received 

On June 15 the arm again became noticeably 
sore and Mr. G. D. R. visited Dr. V. Swancesky of 
Lethbridge for an examination but nothing of im- 
portance was found. During the night of June 15 he 
became very ill with considerable stomach pain 
accompanied by a sharp pain in the region of the left 
diaphragm which caused difficulty in breathing. 

On June 16 Mr. G. D. R. visited Dr. S. M. 
Schmaltz of Lethbridge who gave him a thorough 
examination and expressed the opinion that he had 
suffered a mild attack of tick paralysis. 

No further difficulty was experienced. 

Conc.iusion.—It is believed that the tick became 
attached to Mr. G. D. R. on June 10 and had been 
feeding for approximately 48 hours before the left 
arm became sore and difficult to manage. It is 
assumed that the sudden cessation of pain on the 
afternoon of June 13 coincided with the termination 
of the feeding activities of the male tick. The 
resumption of pain accompanied by illness on June 
15 was probably in the nature of a relapse. 

A search of the available literature fails to yield 
any information on male ticks being associated with 
human tick paralysis. 





Effect of Naphthyl Acetic Acid 
on Cherry Fruiting 


H. M. Armitace, Sacramento, California 


An attempt is being made by the California De- 
partment of Agriculture to eradicate an incipient 
infestation of the cherry fruit fly, Rhagoletis cingu- 
lata, infesting domestic cherries in an isolated non- 
commercial area in the northern part of the state. 
An integral part of the program involves preventing 
fruiting by any of the host cherry trees scattered 
throughout the control area. 

It was the concensus of opinion of those au- 
thorities with whom the problem was first discussed 
that this might best be accomplished through the 
use of napthyl acetic acid applied as a spray after 
bloom had been complete. While no information 
could be developed covering the use of this material 
on cherries it had apparently been successfully used 
as a thinner on apples and peaches. On these fruits 
it had been used at 10 ppm. to set fruit and at 30-40 
ppm. as a thinner. It was believed that at 100 ppm. 
it should cause a one hundred per cent drop in the 
case of cherries if used as previously stated. 

The result of its use under these conditions was, 
however, just the opposite of that intended. The 
application of the material at 100 ppm. produced a 
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completely hyponastic effect on the foliage, but so 
far as could be determined did not in any way 
affect the quantity or quality of the fruit. Any 
failure of late blooms to set fruit could not be 
attributed to the application of the material nor 
was there any apparent dropping of the newly set 
fruit. Later when it became necessary to hand pick 
the fruit the pulp of some of the more mature fruits 
came away from the host tree without the pit and 
stem. A second application made to test-trees thirty 
days later failed to change the situation to any 
observable extent. 

While the information gained is purely neg: tive it 
may be of value to those engaged in this field of 
research. Comment with respect to any experience 
in preventing the fruiting of cherries with a mini- 
—_ of host injury is invited and will be appreci- 
at 


Control of Peach Insects with Dilute 
and Concentrated Sprays 
CastTiLLo GranaM, University of Maryland 
Field Station, Hancock 


The spray program for the control of curculio, ori. 
ental fruit moth and insects that cause cat-facing on 
peaches, has given satisfactory results in most Mary- 


Jand orchards since benzene hexac hloride, DDT and 


parathion have been incorporated in the spray 
schedules. Other insecticides, such as TM-1, TM-2 
and dieldrin, have given excellent control of some of 
these pests when used either experimentally or com- 
mercially. Even with the effectiveness of these new 
insecticides, the constant increase in the cost of pro- 
ducing high quality fruit has posed a serious prob- 
lem to the fruit industry. Because of increased costs, 
fruit growers are seeking ways of cutting down the 
expense of spraying, and at the same time maintain- 
ing a high degree control of pests. The industry in 
general has shown increased interest in the new types 
of spray machines, many of which are designed to 
apply either dilute or concentrated sprays. 

The spray machine used in the experiments re- 
ported here is a 1951 model having an air blast with 
two side delivery of 42,800 cubic feet per minute at 
90 miles per hour. The machine is mounted on a 
truck which is equipped with a speedometer. The 
sprays were applied with the machine driven at 2.5 
miles per hour and the nozzles adjusted to deliver 
approximately 4 gallons per tree with the dilute, and 
1.2 gallons with the concentrate per application. All 
spraying was done during the day and each spray 
was applied when due regardless of wind velocity. 

Asquith (1950) obtained good control of plum cur- 
culio using four times the standard spray concentra- 
tion and applying from one-fifth to one-fourth the 
amount required for the dilute sprays. The data in 
this paper deals primarily with the control of cur- 
culio, oriental fruit moth and insects that cause cat- 
facing on peaches with dilute and concentrated spray 
applications. 

The orchard selected for the experiments consisted 
of 8 year old Elberta trees which were in a state of 
high vigor. The insect population the previous year 
was extremely high, resulting in a loss of over 50 per 
cent of the harvested fruit. Thirteen plots, 3 rows 
wide and 15 trees deep, were used in the tests. Eight 
plots were used to make a direct comparison between 
the dilute and 3X concentration of the same insecti- 
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Table 1.—Control of peach insects with dilute and concentrated sprays. 








MATERIAL AND AMOUNTS 
PER 100 GALLONS 


Per Cent PER 
OrIENTAL CENT IN- 
Fruit FESTED 
Morn = Fruits 


PER 
CENT PER 
Cat- CENT 
Facina CurcuLio 





Dieldrin'18.5% emulsion*—1 qt. 
Dieldrin 18.5% emulsion t—3 qts. 
Parathion? 15% WP—1 lb. 
Parathion 15% WP— lbs. 
TM-1 27% WP—1 lb. 

TM-1 27% WP— lbs. 

TM-2 33.4%—1 pt. 

TM-2 33.4%—3 pts. 

Dieldrin 25% WP*—2 lbs. 
Dieldrin 25% WP*—2 lbs. 
TM-3 $2.1%—1.5 pts. 

TM-3 32.1% —1.5 pts. 


Applied to soil only 
Check, sprayed with fungicide only 
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* 2 lbs. 50% DDT paste added to Ist and 3rd applications. 
t 6 Ibs. 50% DDT paste added to Ist and 3rd applications. 
1—Dieldrin 21.2%). 


2—Parathion (0,0-Diethy] 0-p-nitropheny! thiophosphate 15%). 


TM-1—(EPN (Ethyl P-Nitropheny] Thioobenzenephosphonate 27%). ; 
TM-2—(Metacide (parathion (0,0-diethy] 0-p-nithophenyl thiophosphate 6.2%; 0,0-dimethyl thiophosphate 24.5%; Related 


organic phosphates 2.7%). ‘ _ 
TM-3—Systox (E-1059 (a trialkyl thiophosphate 32.1%). 


cide. The remaining plots were sprayed with dilute 
applications. 

Each plot received 5 applications of insecticides 
applied on the following dates: April 27, May 12, 17, 
28 and July 16, with the latter being timed against 
the second brood curculio. Six pounds of sulfur per 
100 gallons of spray were added to each dilute, and 
18 pounds to each 3X concentrate. On August 20, all 
plots were treated with a concentrated spray of 6 
quarts of liquid lime sulfur to each 100 gallons for the 
control of brown rot. 

Records on fruit injury were taken from all of the 
drops and harvested fruit from four trees in the cen- 
ter of the middle row from each plot. These trees 
were selected because they were subjected to the 
least amount of drift from the other plots. The data 
anes on the control of insects are shown in ta- 

le 1, 

Discusston.—The insecticides used in these ex- 
periments were DDT, parathion, dieldrin emulsion, 
dieldrin powder, TM-1, TM-2 and TM-3. A study 
of the data in the table shows that the materials used 
in all of these schedules, except TM-3, gave control 
of the insects involved. There was practically no dif- 
ference in results obtained between the dilute and 
3X concentrate applications. TM-3 was the only ma- 
terial that caused any injury to the foliage or fruit, 
and it proved ineffective in the control of pests in- 


volved in these tests when applied as a ground treat- 
ment or sprayed on the foliage. 

ConcLusion.—One year’s experiments in compar- 
ing the effectiveness of dilute and 3X concentrate 
sprays on the control of peach insects indicate that 
both methods were effective under the conditions 
that existed in this orchard. Parathicn and TM-1 
proved effective against curculio, oriental fruit moth 
and insects that cause cat-facing. Dieldrin emulsion, 
dieldrin powder and TM-2 were effective against the 
above insects when DDT was added to the first and 
third spray applications. TM-2 was _ ineffective 
against the insects involved in these tests and caused 
injury to hoth fruit and foliage. 
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Comparison of High and Low Spray 
Pressures for Control of Cattle Grubs 


W.S. McGrecor, Cuas. L. Sirs, and R. Ricnarps, 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


The use of a power sprayer for the control of 
cattle grubs was first recommended in 1942. Wells 
(1942) found that sprays of cube or derris applied at 
a pressure of 250 pounds per square inch gave satis- 
factory control of Hypoderma lineatum (DeVill.). 
Since that time power sprayers have been widely 
used in the treatment of livestock for grub control, 
but unfortunately, many conflicting recommenda- 
tions for pressures, formulations, and application 
techniques have arisen. 

The Bureau of Entomology and Plant Quarantine 
recommends a pressure of 400 to 500 pounds for 
applying derris or cube sprays (Bishopp e¢ al. 1949). 
Shull et al. (1945) recommend a minimum of 400 
pounds for the control of cattle grubs in Idaho. 
Stewart (1944) recommends 250 to 300 pounds’ 
pressure for the control of Hy a lineatum in 
California. Scharff (1950) found that in Montana a 
pressure of 400 pounds was necessary for satisfactory 
control of H. lineatum, but that a pressure of 600 
pounds gave only 80 per cent control of H. bovis 
(L.). He also found that the timing of the applica- 
tion was as much a factor in obtaining a high kill as 
was the method. In areas where the grubs reached 
the animal’s back in late summer the time required 
for them to emerge from the cyst was as much as 3 
weeks longer than where the grubs reached the back 
in late winter. 

In the Kerrville, Texas, area in 1951 heavy popu- 
lations of third-stage larvae were found in the backs 
of cattle as early as August 25, and both second- 
and third-stage larvae were found in the back of one 
animal on July 26. Grubs continued to emerge until 
late in February. This early emergence contributed 
to the mounting volume of complaints from stock 
growers that good grub control with the present 
recommendations was hard to obtain. 

In 1950 and 1951 a series of tests were conducted 
in the vicinity of Kerrville to compare spray pres- 
sures of 200 and 400 pounds per square inch for the 
control of cattle grubs in the Southwest, where they 
normally emerge during the late summer and early 
winter months. Since many of the livestock growers 
possess small sprayers, it was deemed advisable to 
obtain as much information as possible on the kill of 
grubs by spraying with machines capable of main- 
taining not more than 200 pounds’ pressure. 

Metnops anp Mareriats.—As these tests were 
to be conducted on the same basis as the livestock 
grower would conduct his spray program, herds 
were selected that could be easily handled for spray- 
ing and were accessible for examination after treat- 
ment. During the two seasons, tests were made on 
12 herds of Hereford, Brahman, and Angus range 
cattle of all ages. In all the herds the grub popula- 
tion was heavy. Each herd was examined before 
treatment and divided into two groups having as 
nearly as possible the same number of grubs. 

Sprays containing 7.5 pounds of cube or derris 
(rotenone 5 per cent) per 100 gallons of water were 
applied with a power sprayer capable of maintaining 
pressures up to 600 pounds per square inch. One 
gallon was applied to each animal with a three- 
nozzle gun held vertically 12 to 18 inches above its 
back. Nozzles with 0.03-inch orifice, carrying No. 
$ discs, were used. The animals were crowded into 
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narrow chutes so that the operator could work from 
the top of the chute above the animals. One week 
after the treatment all grubs were squeezed from the 
cysts and examined for mortality. First-stage larvae 
were disregarded, since many of them moved into 
the backs of the animals after treatment, but 3000 
second- and third-stage grubs were examined. 

Each group of animals was sprayed only once in a 
season. The application was timed so as to have as 
many grubs in the backs as possible. The spray ap- 
plications were started in October and continued 
until late in December, when the hair coat was short 
and thin, and no difficulty was experienced in 
wetting the animal’s back. It seems probable that 
in northern areas penetration of the winter hair 
coat would be much more difficult with that amount 
of spray because of the density of the hair. 

Resu.ts.—The results obtained in these tests are 
shown in table 1. The mortality of recovered grubs 
varied in each group of sprayed animals, but the 
range and average were about the same for both 
groups. It appears that spraying with derris or cube 
will give only a partial kill of the grubs present in the 
backs of the animals at the time of application, re- 
gardless of the spray pressure used. 


Table 1.—Number of grubs recovered and per 
cent mortality of the second- and third-stage 
cattle grubs sprayed at pressures of 200 and 400 
pounds per square inch. 
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Control of Yellow-Striped Armyworm 
on Cotton with Organic Insecticides’ 


Wiiu1am L. Lowry and Stewart L. Catuoun,? 
U.S.D.A., Agr. Res. Adm., Bureau of 


Entomology and Plant Quarantine 


For many years the yellow-striped armyworm, 
Prodenia ornithogalli Guen., has been recognized as a 
pest of cotton and many other crops, but has seldom 
caused economic damage in the Mississippi Delta. 
The species winters in the pupal stage in the soil and 
has several generations a year. The females lay their 
eggs in masses on the foliage of plants and trees, on 
buildings, and other outdoor environments. The egg 
masses are covered with scales from the body of the 
— moth, making them inconspicuous and hard 
to find. 

Soon after hatching the young larvae migrate to 
nearby vegetation and become voracious feeders. 
The caterpillars are commonly olive-green or 
greenish brown in color, have two dorsal, triangular, 
black spots on most of the segments, and charac- 
teristic bright orange stripes just outside these spots 
on each side of their bodies. The adults measure 
about 1} inches from wing tip to wing tip, and are 
dark to light grayish brown moths with irregular 
white markings on their outer wings. The cater- 
pillar is a day-feeding species that is sometimes very 
destructive to cotton, devouring the young plants 
as well as boring into squares and bolls of older 
plants. 

During the spring and summer of 1951 the yellow- 
striped armyworm occurred in large numbers of 
widespread acres in the Mississippi Delta, causing 
considerable damage, especially to young cotton 
early in the season. Numerous inquiries were re- 
ceived as to the effectiveness of the new synthetic 
organic insecticides against this pest. 

Folsom (1932) recommended the use of calcium 
arsenate and bran baits for control of this insect. 
Metcalf et al. (1951, pp. 402-407) suggested dusting 
the host plants with 5 to 10 per cent of DDT or 
TDE (DDD), sufficient benzene hexachloride to give 
2 per cent of the gamma isomer, cryolite or calcium 
arsenate for control of species of cutworms that feed 
above the ground. However, the search for specific 
recommendations for control of the yellow-striped 
armyworm revealed little recently published in- 
formation on this subject. 

As a result two experiments involving 11 of the 
new insecticides were initiated on July 5, 1951. The 
main objective was to determine the relative effec- 
tiveness of two dosage levels of these chemicals for 
the control of the yellow-striped armyworm under 
field conditions. 

A field of young cotton located on the Delta 
Branch of the Mississippi Agricultural Experiment 
Station at Stoneville was selected for these experi- 
ments. Rows were marked off into 25-foot sections 
for the various treatments. The cotton plants ranged 
from 10 to 14 inches in height. 

The different experiments were run concurrently 
to study the relative effectiveness of different 
dosage levels on control. A hand-operated knapsack 
sprayer equipped with a nozzle that delivered a 
cone-shaped spray at the rate of 1 gallon per hour 
was used to apply the insecticides. All the insecti- 
cides tested were emulsion sprays prepared from 
emulsifiable concentrates supplied by the manu- 
facturer or formulator. 

Immediately after the sprays were applied, four 
cylindrical screen-wire cages, equipped with cheese- 
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cloth covers and metal bases so that they could be 
depressed below the soil surface, were set over plants 
in the treated and untreated plots. Ten larvae, 
ranging in size from approximately one-third to 
nearly full grown, were then released in each cage. 
Observations to determine mortality were made 
after 22, 42, and 90 hours. 

Resuuts.—Table 1 shows that the yellow-striped 
armyworm was resistant to most of the chlorinated 
hydrocarbon insecticides and in general was much 
harder to kill than many of the other lepidopterous 
larvae commonly found on cotton. EPN, the only 
organic phosphate used in the test, was by far the 
most effective insecticide. At the low-dosage levels, 


Table 1.—Results of tests with organic insecti- 
cides applied at different dosage levels for con- 
trol of the yellow-striped armyworm on cotton. 
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1 A stereoisomer of dieldrin. 
2 A stereoisomer of aldrin. 


0.10 pound of EPN, 0.33 pound of toxaphene, and 
0.03 pound of compound 269 applied to small plants 
at the rate of 1 gallon of spray per acre gave ex- 
cellent, satisfactory, and substantial control, re- 
spectively. Increased dosages of the chemicals 
showed that 0.20 pound of EPN, 0.33 pound of 
TDE, 0.85 pound of toxaphene, and 0.33 pound of 
DDT gave perfect, good, satisfactory, and sub- 
stantial control, respectively. For some unexplain- 
able reason compound 269 was not nearly so effec- 
tive at 0.2 pound per acre as at the 0.1-pound rate. 
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Flat, Hollow, and Solid Cone Nozzles 
for Earworm Control! 


L. P. Dirman, Georce BurKHARDT, 
and D. T. Buack? 


Blanchard et al. 1950, in the original description 
of power spraying equipment for the control of the 
earworm, specified flat, weed-control type spray 
nozzles, with 40 to 45 degree spray angles, to be 
used 4 per row. These flat spray nozzles have an 
advantage over cone nozzles in that they tend to 
give a uniform distribution of insecticide over the 
entire width of the spray band. On the other hand, 
cone nozzles could conceivably give better coverage 
because the corn plant is sprayed from two direc- 
tions, the front edge of the cone striking at a forward 
angle, the back edge at a backward angle. Solid cone 
nozzles should tend to have the advantages of both 
the hollow cone and flat nozzle. 

It was also thought that there should be a relation 
between the width of the spray band and the spray 
dosage. If ear height was sufficiently uniform to 
permit narrowing of the spray band pattern then 
the per acre dosage could be reduced. 

Though all of these factors were not thoroughly 
tested, several experiments were conducted, com- 
paring the flat 40 degree nozzle with the hollow cone 
75 degree and the solid cone 30 degree nozzles, all 
being used on similar booms with four nozzles per 
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row. In addition two solid cone 50 degree nozzles 
per row were compared with four flat nozzles per 
row. 

In all, three experiments were conducted in each 
of which two types of nozzles were compzred The 
different treatments were replicated 6 to 10 times 
in each experiment; the number of untreated checks, 
as they were unimportant to the conclusion of the 
work, was reduced in all except one experiment. Six- 
row plots were replicated, but not randomized, in 
rather large fields of Country Gentleman type, 
white canning sweet corn. At harvest, 125 plant 
samples were taken from inside rows. All ears were 
pulled, the number, weight in husk, and husked 
weight of clean and infested ears and nubbins re- 
corded. While a light infestation of fall armyworm 
was present, this insect is almost completely 
eliminated by DDT sprays, so that all injury to 
ears was recorded as earworm or European corn 
borer, provided the latter was present. Two cate- 
gories of earworm infestation were recorded—ears 
with larvae present and ears injured to the extent 


1 Scientific Article No. A363, contribution No. 2348 of the 
University of Maryland Experiment Station, Department of 
Entomology. Report of a study in which certain phases were 
carried on under the Research and Marketing Act of 1946. 

? Ditman, Department of Entomology; Burkhardt, Depart- 
ment of Agricultural Engineering, University of Mary and; 
D. T. Black, Bureau of Plant In ustry, Soils and Agricultural 
Engineering, Division of Agricultural Engineering, U.S.D.A. 


Table 1.—Comparison of flat and solid cone nozzles, 4 per row, treatments replicated 10 times, with 
4 untreated checks. Two applications of all treatments. 
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1 Check results adjusted to 10 replicate basis: average of check result X10. 


Table 2.—Comparison of flat and hollow cone nozzles, 4 per row, treatments replicated 10 times, 


with 4 checks. Two applications of all treatments. 
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Table 3.—Comparison of four 40-degree flat nozzles per row with two 50-degree solid cone nozzles 
per row, all treatments replicated 6 times, one application of each spray. 
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that trimming would be required in the normal 
canning operation. The insecticide used was a 
proprietary product containing mineral oil and 
DDT which was diluted 1 part with 9 parts of 
water. This gave a DDT content of finished spray 
equivalent to five pints of 30 per cent emulsion in 
25 gallons. All applications were made at 32+2 
gallons of spray per acre. 

From observation of the spraying operations with 
the different nozzles it appeared that the four nar- 
row angle solid cone nozzles per row applied the 
heaviest deposits of spray on the ear region of the corn 
plant. The wide angled hol ow cone nozzles appeared 
to leave the lightest deposit and were the least pene- 
trating, as the spray cones break rather close to the 
nozzle so that the full velocity of the spray stream 
is lost before striking the plant. The flat nozzle 
gave a coarse large particle spray that was most 
penetrating. With all types of nozzles spraying 
horizontally or nearly so, the heaviest deposits of 
spray were in the lqwer portions of the spray pat- 
terns, caused by the heavy downward drift of larger 
spray droplets. 

Results (Tables 1 to 3) did not show superiority 
of hollow cone or either of the solid cone nozzles over 
the flat spray type usually recommended. Earworm 
control was poorer with the wide angle hollow cone 
nozzles than with the flat type but differences were 
not statistically significant. Total weight of ears 
at harvest was neither significantly increased nor 
decreased as compared with unsprayed yields. 
There was likewise no significant difference in the 
percentage of nubbins. 
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Effectiveness of Allethrin and Pyre- 
thrins as Sprays against Three 
Species of Mosquitoes 


J. H. Fares, O. F. Bopenster, and P. G. Piquertt, 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology 
and Plant Quarantine 


In early work on the evaluation of allethrin as an 
insecticide (Fales et al. 1951), it was shown that, in 
kerosene-base sprays at low concentrations against 
adults of Anopheles quadrimaculatus Say, this 
material was more effective than pyrethrins in 
knock-down but less so in kill. At an increased 
dosage against this species, as well as against Aedes 
aegypti (L.), satisfactory performances resulted. 
Nagasawa ef al. (1951) found that allethrin in an 
incense was about one and one-half times as effec- 
tive as the pyrethrins in knock-down against adult 
Culex pipiens var. pallens Coq. 

It is known that allethrin at conventional house 
fly dosages readily controls mosquitoes. However, 
it was still thought necessary to study further the 
use of allethrin against adult mosquitoes. 

To obtain dosage-mortality data sprays contain- 
ing allethrin or pyrethrins were used against free- 
flying laboratory-reared Aedes aegypti (L.), Anopheles 
quadrimaculatus Say, and Culex pipiens L. in a 
Peet-Grady chamber. The insects were liberated 
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into the chamber before various dosages of spray 
were released. There were up to seven replicates 
with approximately 80 mosquitoes per test. The 
Aedes were exposed for five minutes and collected 
after ten more minutes, during which time the 
chamber was being ventilated, while the other two 
species were exposed for ten minutes and collected 
immediately after the exposure. In these tests the 
insects were divided by sex when the mortality 
counts were taken. Moribund insects were con- 
sidered alive. The sex of the knocked-down insects 
was not determined. The results of the experiments 
are shown in table 1. 

Increased amounts of allethrin were needed to 
match the mortality caused by the pyrethrins. It 
has been common knowledge among workers using 
mosquitoes as test insects that the males are much 
less resistant to insecticides than are the females. 
This was pointed out by Waterhouse (1947). The 
results given here show that this was true in every 
test. 

When the mortality figures for Aedes females were 
plotted, it was found that the LC-50 of allethrin 
was éight times that of the pyrethrins. With 
Anopheles twice and with Culex approximately five 
and one-half times the amount of allethrin was re- 
quired. 

Against male Aedes, the amount of allethrin re- 
quired was again eight times that of pyrethrins, 


Table 1.—Comparison of effectiveness against 
adult mosquitoes of allethrin and pyrethrins in 
kerosene sprays. 
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With Anopheles the materials gave nearly equal 
performances. With Culex the lowest concentration 
of allethrin (3.2 mg./ml.) gave approximately the 
same results as the highest concentration of pyre- 
thr'ns (1.6 mg./ml.). 

The knock-down was satisfactory with the alle- 
thrin sprays in each test, but it should be pointed 
out that, except for the tests with the Anopheles, 
the lowest concentration of allethrin was much 
greater than that of the pyrethrins. 

The relative resistance to insecticides of the three 
species of mosquitoes tested was clearly shown. The 
Aedes mosquitoes were the least resistant and the 
Culex were the most resistant, while the Anopheles 
were intermediate between the two. Waterhouse 
(1947) found the same relationship, using different 
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Electron micrographs of the granules and virus particles of the granulosis of the western grape leaf 
skeletonizer. All preparations shadowed with palladium. 

Fic. 1.—Untreated granules. Each of these bodies normally contains a rod-shaped virus particle. 

Fic. 2.—Granules after treatment with 0.1 N sodium carbonate for three minutes. Virus particles are 
visible, embedded in the mass of partly dissolved granules. 

Fic. $.—Virus particles freed of the granule material by dissolving granules in 0.05 N sodium carbonate 
—0.05 N sodium chloride for three hours. The appearance of the particles and their measured width suggest 


that they may still be enclosed in a membrane. 


species but of the same genera as used here. This in- 
formation is of considerable importance as to con- 
trol procedures for adult mosquitoes when sprays 
are being used, especially when there are shortages 
in certain insecticides. 
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A Granulosis of the Western Grape 
Leaf Skeletonizer'’ 


Epwarp A. Srernnaus and Kennetu M. HuGues 
University of California, Berkeley 


During 1950 and 1951, Owen J. Smith and Robert 
Langston sent our laboratory several lots of larvae 
of the western grape leaf skeletonizer, Harrisina 
brillians B. & McD., reared in an insectary at La 
Mesa, California. The insectary is being operated 
by the Division of Biological Control (University of 
California) for the purpose of rearing parasites of 
the grape leaf skeletonizer, a pest of wild and culti- 
vated grapes in southwestern United States. A con- 
siderable amount of trouble with diseased larvae 











hampered the rearing operations and prompted the 
operators to send us infected specimens of the 
skeletonizer for diagnosis. 

According to Smith & Langston (personal com- 
munications) diseased skeletonizer larvae were first 
observed in specimens being reared in the laboratory 
(then located at Fort Huachuca, Arizona) in late 
August, 1950. The insects showed evidence of dis- 
ease coincident with the maintenance of hot, humid 
conditions in a room where the larvae were being 
parasitized by the tachinid parasite Sturmia har- 
risinae Coq. Specimens of these larvae were sub- 
mitted to us for diagnosis, and found to be harboring 
a sporeforming bacillus, apparently Bacillus cereus 
Frankland and Frankland. The same bacterium was 
isolated from diseased larvae sent to us in October, 
1950, and in May and July, 1951, from La Mesa, 
California. (The laboratory was moved from 
Arizona to California in October 1950.) No other 
infectious agents were found in these larvae. 

Beginning in July, 1951, diseased skeletonizer 
larvae appeared in increasing numbers and soon 
reached serious proportions. Within a month’s time 
the entire rearing stock (consisting of thousands of 
larvae crowded together in cages) was threatened, 
and, in some of the rearing rooms, a mortality of 
approximately 98 per cent was suffered. The in- 
fected larvae representing this resurgence of disease 
gradually ceased feeding, became flaccid, turned 
brown in color, and upon dying frequently hung 
down by their anal prolegs from the sides of the 
rearing cages or from the grape leaves. Most of the 
larvae dropped to the bottom of the cages. Eventu- 
ally the insects dried to a brittle mass remaining 
brown in color or turning black. Microscopic ex- 
amination of larvae showing these general symptoms 
revealed the presence of a granulosis virus. Subse- 
quent lots of larvae confirmed the general presence 
of the virus in affected larvae throughout the rearing 


1 Contribution from the Laboratory of Insect Pathology, Di- 
vision of Biolo; — Control, College of Agriculture, University 
of California, Berkeley 4, California. 
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ooms. The plight of the rearing operations was 
alleviated by moving the insectary stock to another 
|,cation while the insectary itself was thoroughly 
cleaned and disinfected, and by instituting strict 
sanitary measures as a routine part of the opera- 
tions, 

The virus concerned is, in general, similar to the 
other known granulosis viruses (Figs. 1, 2 and 3). 
‘There is, however, a somewhat greater variation in 
the size of the granules than is usually found in 
similar diseases. As determined from electron micro- 
graphs, the granules ranged in length from 167 to 
975 millimicrons, while the width varied from 165 
to 370 millimicrons. The average size of the granules 
was approximately 256 by 345 millimicrons. The 
average size of the virus particles was found to be 
approximately 67 by 245 millimicrons. The rather 
great width suggests that the rods seen may not be 
naked virus particles. Other virus particles have 
been described as being enclosed within mem- 
branes (Bergold 1950; Wasser & Steinhaus 1951) 
and it is quite possible that the same condition per- 
tains to those photographed and measured here. 
It will be seen from these figures that occasional 
granules may be found which are shorter than the 
virus rods. It has not been demonstrated whether 
or not such small granules have anything of a 
virus nature within them. If they contain virus 
particles, it is obvious that the particles cannot be 
the normal rod-shaped ones. It is possible, however, 
that small granules might contain folded forms of 
the virus such as those described elsewhere (Bergold 
1950; Wasser & Steinhaus 1951). 

That the virus is probably a new species is in- 
dicated by the fact that it was not infectious for 
the hosts of most of the granuloses so far described. 
The hosts tested were: the variegated cutworm, 
Peridroma margaritosa (Haw.); the buckeye cater- 
pillar, Junonia coenia Hiib.; the salt marsh cater- 
pillar, Estigmene acraea (Drury); and the imported 
cabbageworm, Pieris rapae (Linn.). 
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Control of the Texas Harvester Ant 


GeorGE P. Weng,! and A. N. Wairte,? 
Texas A & M System, Weslaco 


The Texas harvester ant, Pogonomyrmez barbatus 
var. molefaciens (F. Smith) lives underground in 
colonies which usually have only one entrance. 
These ants kill all types of vegetation within a 
diameter of 3 to 6 feet of the entrance. In cultivated 
fields of the Lower Rio Grande Valley the ants are 
destructive to stands and often will destroy many 
small seeds before they have a chance to germinate. 
A survey has shown as many as 30 ant colonies per 
acre in cultivated fields and citrus orchards. These 
ant colonies not only destroy the appearance of well 
kept lawns but the pests are very obnoxious due to 
their habit of stinging people. 

Brett (1950) obtained control of the Texas har- 
vester ant by pouring one quart or more of $-per 
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cent chlordane down the entrance of each colony. 
He did not state the length of time that these treated 
colonies were observed. Both Brett (1950) and 
Riherd (1948) failed to obtain control of this ant by 
dusting the surface near the entrance with chlordane, 
benzene hexachloride or toxaphene dusts. 

ProcepurE.—Only those ant colonies with a 
minimum number of 25 ants in a foot radius of the 
entrance were used in this experiment. The treat- 
ments, shown in table 1, consisted of adding the 
desired amount of emulsifiable insecticide to a 
gallon of water and then pouring it down the en- 
trance of the colony. The colonies were then ob- 
served for ant activity for a period of 8 weeks. The 
first series of colonies were treated September 25, 
1951, the second 2 weeks later, and the third 2 
weeks after the second. 


Table 1.—Control of the Texas harvester ant. 
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Discussion.—The data in table 1 shows that 
0.2-per cent concentrations of aldrin, heptachlor, 
and dieldrin were superior to the same concentra- 
tion of chlordane in controlling the Texas harvester 
ant. TM-1° was more effective than chlordane but 
was not as effective as aldrin, heptachlor or dieldrin. 
The data show that the toxaphene and benzene 
hexachloride treatments are of little value as a con- 
trol of the Texas harvester ant. The data in the 
table also show that 0.1-per cent chlordane was just 
as effective as 0.2-per cent chlordane. Concentra- 
tions of 0.05 and 0.1-per cent aldrin controlled 75 
per cent of the ant colonies 4 weeks after application 
but soon lost their residual effectiveness, 

Numerous dead ants were seen around the 
colonies the day following treatments with 0.2-per 
cent concentrations of aldrin, dieldrin, and hepta- 
chlor. It was also observed that numerous dead ants 
were found around the ant entrances 2 and 4 weeks 
after treatment application. This indicates the im- 
portance of having a residual material which will kill 
those ants which hatch and develop after the treat- 
ment application. 

Summary.—Good control of the Texas harvester 
ant was obtained by pouring one gallon of 0.2-per 
cent aldrin, dieldrin, and heptachlor down the 
entrances of the colonies. The same concentrations 
of chlordane and TM-1 were less effective but did 
give control. Concentrations of 0.2-per cent toxa- 
phene and 0.08-per cent gamma benzene hexa- 
chloride were ineffective. 


1 Entomologist. 

2 Associate County Agent. 

3 TM-1, test material no. 1, 6.2% 0, 0-diethy] 0-p-nitrophenyl 
thiophosphate plus 24.5% 0,0-dimethy! Caceres pray thio- 
phosphate plus 2.7% related organic ph osphates plus 66.6% 
inert ingredients and called “Metacide” by the manufacturer. 
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A Partial Annotated List of Species 
of the Tabanidae 


W. S. McGreeor and OrviLuiE C. ScHOMBERG, 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Severe outbreaks of blood-sucking flies of the 
family Tabanidae have been known to occur in 
certain areas of Texas for many years. In recent 
years these outbreaks have taken place over larger 
areas, and the damage inflicted by the attacks of 
the flies has become a serious problem. These out- 
breaks of blood-sucking flies spread diseases and 
cause much irritation to man and animals. Howell 
et al. (1941) showed that anaplasmosis, a serious 
disease of livestock, could be transmitted among 
cattle by many different species of tabanids. The 
biting of these flies, in addition to the disease trans- 
mission, causes so much irritation to the animal 
that grazing is reduced, resulting in loss of body 
weight and reduced milk production. In many in- 
stances the fly bite leaves the way open for screw- 
worm infestations, which often times become fatal 
to the animal. Transmission of anaplasmosis and 
anthrax occurs when blood-sucking flies feed on a 
carrier animal and then on one that is disease-free. 

Cattlemen of the Texas coastal region report that 
horseflies are directly responsible for more than 
half of the losses in the cattle of that area. In some 
parts of the Gulf coast region the livestock have 
to be removed from the pastures during the fly 
season. Infestation counts of 100 to 200 horseflies 
and deerflies per animal are not uncommon during 
the more severe outbreaks. As many as ten species of 
horseflies have been observed by the authors, feed- 
ing simultaneously on one animal. Such infestations 
may easily result in the loss of one or more pints of 
blood from an animal per day. 

Early in the spring of 1950, adult Tabanidae col- 
lections were started in areas of Texas where severe 
outbreaks were known to occur. In general, most 
of the species listed here were collected in the eastern 
portion of the State. Only two species, Tabanus 
abactor Phil. and Tabanus dorsifer Walk., were col- 
lected in the western portion of Texas. Such species 
as Tabanus lineola F., T. molestus Say, T. suleifrons 
Macq., and Chlorotabanus crepuscularis (Beq.) were 
extremely numerous in the southeastern portion of 
Texas. Since collecting was done only in those areas 
where severe outbreaks were known to have oc- 
curred in past years, it stands to reason that the 
following list is far from being a complete listing of 
the species of the Tabanidae of Texas. 

The taxonomic arrangement of the species listed 
was compiled according to Philip’s publication, “A 
Catalog of the Blood-Sucking Fly Family Tabanidae 
(Horseflies and Deerflies) of the Nearctic Region 
North of Mexico.” The species collected in the 
State of Texas are listed. 
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Tabanidae 


Subfamily Tabaninae Loew 


Tribe Chlorotabanini Phil. 
Genus Chlorotabanus Lutz 
1. crepuscularis (Beq.) 
Tribe Tabanini Enderlein 
Genus Agkistrocerus Philip 
1. finitima (Stone 
2. megerlei (Wied.) 
Genus Leucotabanus Lutz 
1. annulatus (Say) 
Genus Whitneyomyia Bequaert 
1. beatifica (Whitney) 
2. beatrfica subsp. atricorpus Phil. 
Genus Hybomitra Enderlein 
1. lasiophtha'ma (Macq.) 
2. trispila (Wied.) 
Genus Tabanus Linnaeus 
. abactor Phil. 
. abdominalis F. 
. americanus Forster 
amplifrons Krober 
atratus F. 
cheliopterus Rond. 
. eymatophorus Macq. 
. dorsifer Walk. 
. equalis Hine 
. fuscicostatus Hine 
. giganteus Deg. 
. gladiator Stone 
. tmitans Walk. 
. lineola F. 
. lineola subsp. scutellaris Walk. 
. longus O. S. 
. molestus Say 
. molestus subsp. mixis Phil. 
. mularis Stone 
. nefarius Hine 
. nigrescens subsp. atripennis Stone 
. nigripes Wied. 
. nigrovittatus Macq. 
. petiolatus Hine 
. proximus Walk. 
. pumilus Macq. 
. punctifer O. S. 
. quaesitus Stone 
. quinquevittatus Wied. 
. stygius Say 
. sulcifrons Macq. 
. tecanus Hine 
3. trimaculatus Palisot de Beauvois 
. venustus O. S. 
. vittiger subsp. schwardtii Phil 
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Larval Habitat of Tabanus sulcifrons 
in Oklahoma’? 


OrviLLe ScuomBerG,’ U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant 
Quarantine 


Tabanus sulcifrons Macq. is widely distributed 
in the United States, and over much of its range it 
is recognized as one of the most injurious horse 
flies. Schwardt (1936), working in Arkansas, found 
three egg masses fastened to a small branch of an 
elm tree, and in one locality successfully collected 
numbers of 7’. sulcifrons larvae in soil ranging from 
moist to rather dry. He interpreted his findings as 
suggesting that the larvae did not require much 
soil moisture and might be intolerant of wet soil. 
MacCreary (1940) collected five larvae of this spe- 
cies in New Jersey from a plot on which no standing 
water was ever present. 

Tabanus sulcifrons is one of the most abundant 
horse flies in Oklahoma. Emergence begins late in 
June and reaches a peak in August. Populations 
decline in September. This important species is 
abundant in the vicinity of Stillwater. Published 
records of larvae collected in the United States are 
meager, therefore an extensive series of soil samples 
was taken in the Stillwater area in 1949, 1950, and 
1951. The data obtained in Oklahoma are believed 
to be applicable wherever this species is abundant. 

CouttectiIng Metuops.—In each new location 
investigated for the presence of Tabanus sulcifrons 
larvae, an area of 1 square yard was examined. In 
taking the first samples the soil was removed to a 
depth of 6 inches, but since the larvae were found 
to be close to the surface, later excavations were 
made only about 3 inches deep. Soil samples taken 
near water were washed through a 16-mesh sieve 
to remove the soil and expose any larvae present. 
Samples taken in areas away from water were 
examined by turning the ground with a shovel and 
examining the clods. Where the soil was dry and 
compact the clumps were broken up with a hammer. 

Collection records were based on determinations 
of reared adults until the writer became thoroughly 
familiar with the specific characters of Tabanus 
sulcifrons larvae. The field-collected larvae were 
reared individually in jars of damp sand in the 
laboratory. They were fed twice weekly on earth- 
worms or other annelids found in sewage filter beds. 
Subsequent records were frequently based only on 
identification of the larvae, but doubtful specimens 
were reared to adults for positive identification. 

Larvat Hasirat.—Although thousands of sam- 
ples of soil were taken from wet areas, Tabanus 
sulcifrons larvae were collected in such areas only 
once. A single larva—the one positive sample—was 
taken from permanently wet moss-covered soil near 
a spring seep. 

A total of 255 Tabanus sulcifrons larvae were 
found in $7 different locations, all in well-drained 
areas. The moisture conditions ranged from damp 
to extremely dry. It appeared that the only mois- 
ture received in those habitats was the result of 
rainfall. Permanent standing water never was pres- 
ent in those locations. 

The larvae were widely scattered throughout each 
of the habitats. The maximum number found per 
square yard was four, but in favorable sites the 
average population was two or three per square 
yard. The larvae were distributed from just below 
the surface to a maximum depth of 2 inches, most 
of them being from 0.5 inch to 1.5 inches below the 
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surface. There was no evidence that they pene- 
trated deeper into the soil to escape desiccation or 
freezing. 

Estivation occurred in short tunnels, flattened at 
the top and bottom, in the dry soil. During periods 
between rainfalls, when the soil has become rela- 
tively dry, the finding of such tunnels was a definite 
aid in determining the presence of larvae. 

Most of the larvae were taken from shaded dry- 
wash gullies where American elm, chittamwood, and 
burr oak trees were present. Except in three loca- 
tions, American elm was always present. A series of 
12 larvae, ranging in size from very small to full 
grown, were collected in about 4 square yards of 
slightly moist grass-covered soil under a small 
buttonbush. Two Hybomitra lasiophthalma (Macq.) 
larvae were taken in the same place, the only in- 
stance of another species be‘ng collected in the same 
location with Tabanus sulcifrons. 

Several larvae, ranging from 8 to 32 mm. in 
length, were collected from slightly moist grass- 
covered soil along a slight drainage depression 
traversing an open sod pasture. There were no trees 
or bushes within several hundred feet. Other ex- 
aminations of treeless pasture land were negative, 
therefore this one finding seems atypical. 

In one favorable site approximately 10 square 
yards of soil were examined and 28 larvae, ranging 
in length from 4 to 32 mm., were found. Thus, one 
collection consisted of larvae ranging in size from 
very small to nearly grown. 

Collections were made throughout the year and, 
although grown larvae were most abundant in May 
and June, they were found every month. Most field- 
collected larvae, when brought to the laboratory, 
completed their growth and emerged within a year; 
however, some required more than one year to com- 
plete their development. This observation, together 
with field findings, suggested that sulcifrons may 
have either a 1- or a 2-year life cycle. 

Apparently Tabanus sulcifrons larvae will feed 
whenever soil temperatures become warm enough 
for activity. A number of fully engorged larvae were 
collected in the last week of February 1951. Nearly 
all larvae collected early in March showed evidence 
of having fed recently and were quite active. 

Three pupae of Tabanus sulcifrons were found in 
the same location in which larvae were collected. 
One pupa was lying in a horizontal position very 
near the soil surface. The other two were in a verti- 
cal positicn with the anterior end of the pupa nearly 
exposed. One of these emerged as a male on July 2, 
1950, the earliest seasonal emergence of this species 
in the laboratory. 
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Field Tests of Insecticides against 
Ectoparasites of Poultry’ 


JOURNAL OF Economic ENTOMOLOGY 
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tick, Argas persicus (Oken)—are perhaps the most 
important species attacking poultry in the United 
States. The chicken body louse and the chicken 


mite are found wherever poultry is raised, but the 
fowl tick is restricted to the semiarid region of the 
Southwest. 


Cuar.es L. Smitrn, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Three ectoparasites—the chicken body louse, 
Eomenacanthus stramineus (Nitz.), the chicken 
mite, Dermanyssus gallinae (Deg.), and the fowl 

Table 1.—Summary of data of field tests with various chlorinated hydrocarbon insecticides against 
three ectoparasites of poultry. 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Cincinnati, Ohio, Dec. 10-13, 1951 
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It is difficult to determine the losses incuerrd by 
the poultry industry as a result of these ectopara- 
sites, but it is reasonable to assume that the mone- 
tary loss would be great. It might be considerably 
greater than is suspected. Egg and meat production 
and the thriftiness of a poultry flock are all affected 
by any irritation due to the chicken body louse or 
any loss of blood caused by the chicken mite and 
the fowl tick. Lowered vitality of the birds caused 
by these ectoparasites often precedes outbreaks of 
bacterial and virus diseases. 

In laboratory screening tests conducted by the 
Bureau of Entomology and Plant Quarantine several 
chlorinated hydrocarbon insecticides have shown 
considerable promise for controlling the fowl tick. 
Therefore, during the past 4 years, in the vicinity 
of Kerrville, Texas, the Bureau has conducted field 
tests to determine the effectiveness of these in- 
secticides against other poultry parasites. The re- 
sults obtained with the chicken mite, the chicken 
body louse, and the fowl tick are given in this paper. 
The number of tests with dieldrin and aldrin were 
limited because of the toxicological hazard involved. 

Mertnops AND Procepure.—Most of the tests 
were conducted in poultry houses typical of the 
area. In a few of these tests the three species of 
ectoparasites were present in the same test. Some 
tests against the fowl tick were conducted in im- 
plement sheds and trees in which the poultry were 
permitted to roost. All of the parasite infestations 


developed naturally on the birds or on the premise. . 


Approximately 5 gallons of spray was applied with 
a wheelbarrow-type power sprayer to the walls, 
roosts, and floor of each poultry house (12 by 12 by 
7 feet). The sprayer was calibrated to deliver the 
spray at a pressure of 100 to 150 pounds per square 
inch. If the material was applied as a roost paint, 
only the roosts were treated. In most of the tests 
in which dust was used it was applied to the flock 
en masse with a hand rotary-type duster. 

In a few exploratory tests only one or two birds 
— treated individually with a highly toxic mate- 
rial. 

Mortalities of the chicken body louse were deter- 
mined by examining 25 birds selected at random; 
for the chicken mite and the fowl tick the roosts and 
other hiding’ places were examined. Counts were 
usually made 24 and 48 hours after treatment and 
also after 1 week. Thereafter, periodic examinations 
were made for 4 to 6 months. 

Results.—In general, against the three ectopara- 
sites involved, lindane was considered more effective 
than the other materials tested. It gave good control 
of the lice and the mites, and was effective against 
the fowl tick. Lindane gave good initial kill of the 
fowl tick but did not possess residual qualities equal 
to that of chlordane or toxaphene. 

Lindane at 0.5 per cent concentration failed to 
control the chicken body louse when applied at the 
rate of 250 cc. as a mist over the birds, but 500 cc. 
of the same material applied in the same manner 
gave excellent control of the lice. 

A deposit of 2.5 grams of chlordane per square 
foot applied as a spray to the inside of the house gave 
good control of the chicken body louse. 

A 1.0-per cent methoxychlor dust applied en 
masse with a hand rotary-type duster at the average 
rate of 0.6 0z. of dust per bird failed to control the 
chicken body louse. A 10.0-per cent DDT dust ap- 
plied in the same manner and at the same rate gave 
good control of the lice. 

The results obtained with chlordane and toxa- 
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phene against the chicken mite were disappointing, 
since other workers have reported good control of 
mites with chlordane. DDT, toxaphene, and 
chlordane dust containing 5 per cent of active in- 
gredient did not give good control of mites when 
applied directly into the nest at the rate of 0.7 oz. 
of dust per nest. We offer no explanation for our 
failure to control the chicken mite with chlordane. 

Throughout these tests no difference was noted 
between the effectiveness of a spray made from an 
emulsion concentrate and one made from a wettable 
powder. 

Dieldrin and aldrin showed promise for the con- 
trol of the fowl tick. 

Discussion.—The writer believes that poultry 
management is an important factor in the control of 
ectoparasites. Particularly is this true of the chicken 
mite and the fowl tick. Make-shift poultry houses 
and the tendency of many fowls to roost in trees 
throughout the year in the southwest make these 
two parasites extremely difficult to control. Com- 
plete coverage, together with adequate penetration 
of the hiding places, is almost an impossible and 
impractical task. Repeat treatments may ble re- 
quired for satisfactory control regardless of the con- 
centration or the material used. 

Consistently better results are obtained when the 
infestation is confined to a more-or-less modern 
poultry house. Abolishing roosts in the poultry 
house and maintaining poultry on a litter of straw, 
peanut hulls, or sawdust could influence the natural 
development of ectoparasites. This practice might 
also influence the method of treatment required for 
the control of these parasites. Litter treatment, as 
such, is not discussed in this paper. The effect of 
such a treatment with chlorinated hydrocarbon in- 
secticides on fowls is unknown. However, it may be 
assumed that the toxicological hazard involved 
would be greater for litter treatment than it would 
be for roost-paint treatment or spraying the inside 
of the poultry house. Not a single fatality among the 
birds was reported from the materials used in these 
tests. However, unpublished data of a contemporary 
worker indicate that DDT, toxaphene, chlordane, 
and lindane may be highly toxic when applied 
directly to the fowl. 


Repellency of Cotton Tufts to Flies 


Witiram J. Wat, Jr. and Staniey F. Baiey, 
University of California, Davis 


For some years it has been a practice of house- 
wives in various parts of the country to place small 
dabs, balls, or tufts of white cotton on window an 
door screens to repel flies. In the summer of 1950 
considerable publicity was given to this idea. The 
writers were unable to find any published reference 
subject, and inquiries directed to various entomol- 
ogists brought to light little positive information. 
Therefore, a series of tests was set up in 1951 to 
—* the efficiency of this method of repelling 

ies. 

Two window screens, each 2 feet square, were 
used in the first series of tests. On one screen a ball 
of cotton about 4 inches in diameter was fastened 
to the center. The other screen without cotton was 
employed as a check. Circles of 6 and 12 inches 
from the center of the cotton were marked off, and 
the number of flies alighting on the cotton or in the 
circles was counted. The flies were brushed away 
and anothercount recorded when they again alighted. 
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Counts were made with the screens in different posi- 
tilns and exposures, and at different times of day, 
in a’ cow barn where the flies, Musca domestica L., 
were extremely abundant. The surface of the cotton 
ball was fluffed up in one instance and pulled tight 
and smooth in another. In a third test a 12-inch 
square of cotton placed in the center of the screen 
was employed. Approximately 100 counts were made 
in each of these tests over a period of 5 days. 

In test four small tufts of cotton were staggered 
in the center of sixteen 6-inch squares into which 
the screen was divided. Separate counts were made 
on each square; the total number of counts being 
400. Lastly, in test five a loose ball of cotton about 
one and one-half inches in diameter was suspended 
from a string on a wall surface on which al2-inch 
circle was marked off. The cotton, when not kept in 
motion by the breeze, rested in the center of the 
circle. A similar, adjacent circle. without cotton was 
used as a check. The wall surface was washed before 
the test in order to remove all dirt and old fly 
specks. The flies from a nearby incinerator alighted 
on the test surfaces, and the specks in the two circles 
were counted after 6 weeks of exposure. The cir- 
cles were divided into four equal quadrants, and the 
separate counts were averaged. This basic method 
was employed originally in 1935 by Freeborn & 
Berry. 

The data obtained in the first four experiments 
were tested for significant repellency by the chi- 
square method, and that in test five by the sum of 
the squares method and Fisher’s “‘t”’ tables. 

It should be pointed out that this experiment was 
by no means exhaustive. Variations of our method 
could be carried on almost indefinitely using raw 
cotton, wool, and other fibers with infinite combina- 
tions of colors, sizes, textures, and shapes, sta- 
tionary and moving. Our intention in presenting the 
results of this rather “‘simple” and direct method of 
repelling flies was to determine its practical value 
in the form emplcyed by the homeowner. 

During the experiments using loose cotton, it 
was noted that flies approaching the cotton to 
alight suddenly veered off. This reaction occurred 
so often that flies were placed in vials containing 
loose pieces of cotton to observe their reaction when 
contact with the cotton was unavoidable. When the 
flies walked on the cotton, the fibers soon became 
entangled in the spines of their legs, rendering 
them helpless. It would appear, therefore, that the 
avoiding reaction was stimulated by the loose fibers 
of the cotton, since this particular reaction did not 
occur when the cotton was tighly balled. 

Our conclusions are as follows: flies (in this in- 
stance the house fly) will alight on cotton although 
it prefers a more solid surface on which to land. The 
degree to which the presence of a small ball of white 
cotton repels flies on window screens is not sta- 
tistically significant. The distance at which the 
cotton is placed away from the area to be protected 
is unimportant. The difference in the degree of re- 
pellency of a loose ball vs a tight ball was not sig- 
nificant. The swinging ball of cotton did repel a 
statistically significant number of flies but when at 
rest it had little value. 
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Competition Between Saw-Toothed 
Grain Beetle and Indian-Meal Moth 


Dwient F. Barnes and Perez Simmons, 
U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Attempts by the writers to establish a mixed 
population of the saw-toothed grain beetle, Oryzae- 
philus surinamensis (L.), and the Indian-meal moth, 
Plodia interpunctella (Hbn.), usually have resulted 
in the decline of the latter species. In stored raisins 
the saw-toothed grain beetle attains dominance 
during the summer following harvest, and the 
Indian-meal moth rarely becomes abundant during 
any part of the period of storage. These general ob- 
servations led to experimental measurements of the 
competition between the two species. 

Dishes provided with ground-glass contacts be- 
tween dish and cover were supplied with 40 to 50 
seedless raisins to serve as food for beetle adults and 
newly hatched moth larvae. Pillbox covers black- 
ened with India ink were used to contain moth eggs. 
The cults were held at room temperature. 

About 100 moth eggs less than 24 hours old were 
used in each of four dishes on Nov. 26, 1951. The 
dishes were populated with 0, 25, 31, and 50 beetles. 
Hatching records were made Nov. 29 and Dee. 1. 
Following an exposure to beetle predators of 16 to 
18 days, each raisin was examined and the numbers 
of moth larvae that had become established were 
recorded. 

Another test was begun on Jan. 15, 1952. Seventy 
moth eggs were placed in each of four dishes which 
contained 0, 25, 50, and 100 beetles. Counts of 
hatched eggs were made on Jan. 16, 17, 18, 21, and 
23. The raisins were examined after 36 to 41 days. 
Unhatched moth eggs were counted, but attempts 
to record egg shells as a check against larval counts 
gave inaccurate results. Beetles were observed feed- 
ing on moth eggs. There was no beetle reproduction 
during the exposures. 

Table 1 brings together the results of the two 
tests. 


Table 1.—Survival of Indian-meal moth larvae 
on raisins following exposure of moth eggs to 
saw-toothed grain beetle adults. 








Per CENT CF 
LARVAE 
EsTABLISHED 
on Raisins 


NUMBER NUMBER OF 
OF Motu Eacs 


BEETLES 
Usep Used Hatched 








Experiment started Nov. 26, 1951 
0 100 84 43 
25 100 99 42 
$1 100 96 50 
50 100 100 10 
Experiment started Jan. 15, 1952 
70 49 45 
25 : 70 61 38 
50 70 58 16 
100 70 66 8 





In the dishes provided with 0 to 31 beetles the 
differences in larval survival were small and some- 
what irregular. There was a sharp contrast, how- 
ever, between that group and dishes containing 50 
or 100 beetles, in which only 8 to 16 per cent of the 
available eggs produced larvae that were able to 
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survive. The results are further evidence that a 
heavy infestation of the saw-toothed grain beetle 
can suppress an Indian-meal moth population. 





A New Type of Aspirator 


Yunea-Cuane Cxao and ALVAH PETERSON, 
Ohio State University, Columbus 


It is a common practice in making large scale in- 
secticidal tests to transfer lots of a test insect of a 
given number from a stock culture to holding or 
collecting containers. An ordinary aspirator may be 
employed; however, this type requires a transfer of 
the insects from the aspirator to a holding container. 
This act involves time and may also injure some of 
the insects. 

The following modification in a direct suction or 
blower-suction (venturi type) aspiratory (Peterson, 
1949, Woodbury and Barnhardt, 1939) makes it 
possible to collect the test insects directly into a 
holding container. This operation saves time and 
eliminates injury to specimens. The new aspirator is 
a T-shaped glass tube, 0.875 inch in diameter with 
the top of the T 6.5 inches long and the stem portion 
3.5 inches high. One end (A) is provided with a 
rubber stopper containing a brass blower-suction 








BLOWER 
SUCTION UNIT 
WENTURI TYDE 





c 


Fig. 1.—Details of aspirator. 


unit of the venturi type, which is attached to an air 
pressure line. The opposite end (B) has a _ 
pick-up tube, .0.25 inch in diameter. The pick-up 
tube enters the aspirator through a rubber stopper 
and continues as a straight tube to the stem of the 
T-tube. Here the pick-up tube has a right angle 
downward bend and is cut off at a point a little be- 
low the entrance to the stem. Insects sucked through 
this pick-up tube will fall into a container at the 
bottom of the stem and will not be sucked toward 
the suction end (A) of the aspirator. 

In this particular aspirator bakelite, screw-cap, 
glass vials, 1 inch by 3} inches, are used as holding 
or collecting containers. These vials are a trifle 
larger than the stem of the T-tube. They are fitted 
to the stem (C) by a celluloid, cylindrical, sleeve 
called an adapter. This adapter has an inner 
diameter the same as the outside diameter of a 
bakelite screw-cap. The bakelite cap, with its top 
removed, is sealed beneath the edge of the stem of 
the T-tube. Since the sleeve is larger than the stem 
of the aspirator, masking tape is wrapped about the 
glass until a tight fit results between the sleeve 
and the aspirator. The sleeve can be sealed to the 
tape with household cement or acetone. Each time 
a sample is collected, a new screw-cap vial is twisted 
into the adapter. As soon as the desired number of 
specimens have been picked up, the vial is removed 
and covered with a screw-cap. If larger holding con- 
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tainers are used, one may contruct suitable adapters. 
Such versatility makes the aspiratory widely useful. 
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A Case Bearing Coleopteron, 
Diachus auratus (F.)' 


E. A. Dickason, Oregon Agricultural Experiment 
Station, Corvallis 


At present only three subfamilies of Coleoptera 
are known to bear cases in the immature stages. 
These subfamilies, Clytrinae, Chalmydinae, and 
Cryptocephalinae are in the family Chrysomelidae. 
Recently the bronze willow flea beetle, Diachus 
auratus (F.), in the subfamily Cryptocephalinae, was 
reared in the laboratory and was found to have the 
case bearing habit. The adults have been reported 
as a pest at various times. Recently the species has 
damaged strawberries in Utah and avocados in 
California. The previously unknown immature 
stages occur on blossoms of red clover in Oregon. 

Observations were made in the laboratory where 
the activities of the insects could be more or less con- 
trolled. Red clover heads were collected and the 
stems wrapped tightly with cellulose cotton and 
forced into shell vials filled with water. The blossoms 
and vials were kept in covered petri dishes to con- 
fine the larvae. This technique kept the clover heads 
fresh for several days and reduced the formation of 
molds. 

Eggs were obtained in the laboratory by confining 
large numbers of adults in a lamp chimney with a 
single clover bloom. The eggs were kept loose in a 
covered watch glass until they hatched and then 
were transferred to the petri dishes. The larvae were 
reared singly or in groups of three per bloom. 

The eggs are laid in the blooms and on the under 
side of the leaves of the plant. They are enclosed in 
a 0.5 to 0.6 mm. heavily sculptured oval case which, 
because of its texture, catches on the pubescence of 
the plant parts. In 10 to i4 days the eggs hatch 
and the larvae open one end of the case. The larvae 
drag the protective case with them at all times and 
when disturbed they draw into the case with the 
front of the head closing off the entrance. They may 
remain quiescent for some time before resuming 
activity. Feeding is done on the small florets without 
any apparent damage to the blooms. 

In 6 to 8 days the larvae split the case longi- 
tudinally and enlarge it with small bits of floral 
parts and debris. They also add to the length of the 
case = ches accommodate their increased growth. This 

uires approximately 24 hours to com- 
peor By this method the case is enlarged from 0.5 
mm. at incubation to 2.8-3.0 mm. at pupation. The 
average larval stage was 30 to 34 days, with a 
maximum of 42 days. The larvae close off the end 
of the case and then pupate for 20 to 21 days. The 
metallic bronze adult leaves the end of the case 
through a hinged door. 


1 Technical Paper No. 728 with the a val of the Oregon 
Agienives naa Station. Contribution of the Depart- 
ment of En 
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Substitutes for Milkweed Seeds in the 
Rearing of Milkweed Bugs 


Hvusert Frines anp Lorraine PEISSNER, 
Pennsylvania Antes College, State College, 
‘enn. 


The large milkweek bug, Oncopeltus fasciatus, has 
been widely used as an experimental insect in the 
laboratory and has proved quite satisfactory. 
However, there is no open market at present where 
milkweed! seeds used for food can be purchased. 
Those who wish to rear the bugs must collect pods 
from milkweed plants and clean the seeds, Much 
time is consumed in this procedure, and this might 
discourage the use of O. fasciatus as a laboratory 
animal, in spite of its good features. An inexpensive 
and readily available food substitute would there- 
fore be useful. 

Lea & Niswander (1950) reported that watermelon 
sees with the seed coat cracked or removed could 
be substituted successfully for milkweed seeds. 
Later Lea (1951)! tried other substitute foods and 
found sunflower or pumpkin seeds with the seed 
coat removed just as satisfactory. On the suggestion 
of Lea, we tried all of these, plus squash » and 
reared milkweed bugs for at least five generations on 
each of them just as well as on milkweed seeds. All 
of these seeds are inexpensive and readily obtain- 
able. Squash seeds are most convenient to use, be- 
cause they are easily broken by hand or the seed 
coat can readily be peeled from the seeds. This, 
however, still takes time. 

It seemed advisable to find, if possible, some food 
substitute which would not require treatment of 
seeds. Dog biscuit, milk powder and rolled oats were 
tried, both dry and moistened, but on none of these 
did the insects survive for more than ten days. A 
food which did prove satisfactory was blanched raw 
peanuts. These are shelled raw peanuts from which 
the seed coat has been removed by treatment with 
hot water. 

We have reared milkweed bugs with these as the 
sole source of food for five generations just as well 
as with milkweed seeds. The peanuts can be split, 
if desired, to give greater surface area for feeding, 
but this is not necessary. There is a commercial 
market for prepared blanched peanuts, and thus 
they can be bought ready for use at almost any 
grocery store. Blanched raw peanuts, therefore, meet 
all the requirements for the substitute food—they 
give just as good growth and reproduction as do 
milkweed seeds, they are easily and cheaply ob- 
tainable, and they need no preparation. 
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The Correct Spelling of the Generic 
Name of the German Cockroach 


Asuiey B. Gurney, Bureau of Entomology and 
Plant Quarantine, Agr. Res. Adm., U.S.D.A. 


It is unfortunate that the scientific name of such 
a common and universally known insect as the 
German cockroach, Blattella germanica (L.), should 
so frequently be misspelled. Entomological literature 
ranging from scientific to popular in character car- 
ries the spelling “Blatella” nearly as often as the 











Vol 45, No. 4 


correct form. Probably all the authors using the 
incorrect spelling are quite unaware of any error; 
in fact they may have consulted some taxonomic 
lists that would be assumed to be accurate. The 
references cited, with the exception of Caudell 
(1903), contain representative examples of incor- 
rect spelling. 

There is no question that this generic name 
requires two ?’s, for it was so spelled when proposed 
by Caudell (1903), and it was correctly formed by 
combining the Latin diminutive suffix with “Blatta,” 
the traditional scientific word for cockroach derived 
from the Latin Blattella, meaning the little Blatta, 
was proposed as a replacement for Phyllodromia, 
which was preoccupied in Diptera. Even though 

reoccupation was clearly established, a few authors 

ave long persisted in using Phyllodromia for ger- 
manica and its congeners. Since the validity of 
Blattella can not be questioned, it is to be hoped 
that association of the name with Blatta may be a 
reminder of the correct spelling, with two ?’s. 
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A Change in the Nomenclature of 
Carrot and Celery Aphids 


E. O. Essie, University of California, Berkeley, Calif. 


Aphids infesting carrots, celery, poison hemlock, 
and related umbelliferous plants are of considerable 
importance in Western North America and else- 
where because they are vectors of plant virus dis- 
eases of these hosts. In this area two species of 
aphids are of special importance and the latest 
nomenclature of these is as follows: 

The names of the carrot aphid and the celery 
aphid, formerly designated as Aphis or Anuraphis 
ferruginea-striata Essig, have been changed to the 
following: 

The carrot aphid, Sappaphis foeniculus (Theo- 
bald) (Anuraphis), and the celery or poison-hemlock 
aphid, Sappaphis apiifolia (Theobald) (Anur- 
a 


)- 

According to European aphidologists, the names 
of other common species now placed in the genus 
Sappaphis Matsumura, are Aphis sorbi Kalt., and 
Aphis mali (Ferrari) [Anuraphis roseus (Baker)] 
and other species. 

In the genus Yezabura Matsumura is the impor- 
tant om tulipae (B.d.F.) and other species. 

In the genus Brachycaudus v. d. Goot are Aphis 
cardui L., Aphis persicaecola (Bdv.) [Aphis per- 
sicae-niger (Smith)}; A. helichrysi (Kalt.) (Aphis and 
Anuraphis) and others. 

A recent and comprehensive revision of the aphids 
of central Europe entitled: “Europae centralis 
Aphides die Blattliuse Mitteleuropas by Kurt 
Branco, Weimer, D.D.R., has recently been pub- 
lished (1951) by C. B6rner, Naumburg, D.D.R. 
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PROCEEDINGS OF SEVENTH ANNUAL MEETING 


NortH CENTRAL STATES BRANCH, AMERICAN 
ASSOCIATION OF Economic ENTOMOLOGISTS 
MARrcH 27-28, 1952, St. Pau, MInn. 


First Business SEssIon 
Makcu 27, 1952 


The Seventh Annual Meeting of the North 
Central States Branch A.A.E.E. was called to order 
by President R. C. Smith at 11:00 a.m. 

President Smith called for an expression of ap- 
preciation from the 296 persons in attendance for 
the excellent service rendered by the Program Com- 
mittee, composed of J. H. Bigger, Chmn., T. H. 
Parks and T. A. Brindley, the Local Arrangements 
Committee composed of C. E. Mickel, Chmn., F. G. 
Holdaway and A. W. Buzicky and the Branch Re- 
corder R. T. Everly. 

President Smith asked the Secretary to report on 
the actions taken by the Executive Committee 
during a meeting held on March 26. 


1. The Committee recommends that the post- 
meeting price of the 1952 Proceedings and 
future registration fees and Proceedings 
charges be raised from the present rate of $2.00 
to $2.50 because of the rising costs of operating 
the Branch and publishing the Proceedings. 
President Smith deferred action on this recom- 
mendation until the final business session to 
give ‘spasm ample time to evaluate the pro- 


posal. 

2. The Committee felt that a standing committee 
of three members should be appointed to re- 
vise the Branch Constitution so that it would 
conform with the new Constitution of the 
Parent Association. The new President elected 
for the 1952-53 year should make the selection 
of this committee. This proposal was approved 
unanimously by the membership. 

3. The Committee suggests that the proposed 
Constitution Revision Committee consider 
placing a five-year limitation on the successive 
years that a Secretary-Treasurer can serve in 
office. Since there was no dissension to this pro- 
posal, President Smith stated that it would be 
referred to the Constitution Committee after its 
formation. . 

President Smith appointed the following com- 
mittees: 
Resolutions Committee 
W. E. McCautey, Chmn. 
H. O. Deay 
D. A. Wrtsur 
W. M. Rocorr 


Auditing Committee 
R. L. Post, Chmn. 
R. L, JANES 


Time and Place of 1952 Meeting Committee 
R. B. Nerswanver, Chmn. 


L. HasEMAN 
H. M. Harris 


R. T. Everly was appointed as Recorder to pre- 
pare the 1952 Plan President Smith called 
for a report from the Nominating Committee. 


T. C. Allen s 
mittee presen 
the coming year: 


For President: T. H. Parxs and E. Hixson 

For Vice-President: P. A. Daum and D. W. 
HaMILTon 

For Secretary-Treasurer: J. W. Appue and H. A. 
GuNDERSON 


President Smith called for additional nominations 
from the floor but when none were forthcoming the 
nominations were declared closed. The members 
were instructed to mark their ballots and place in 
the ballot box before 5:00 p.m. on March 27. 

President Smith called for nominations for the 
new Nominating Committee. Before the nomina- 
tions were closed, the following persons were 
nominated. 


ing for the Nominating Com- 
the following state of officers for 


C. J. WernMan P. A. Daum 
R. A. Davipson J. T. MEDLER 
A. W. Buzicxy R. L. JANES 


The members were instructed to vote for three 
members to serve on the Nominating Committee. 
The Chairman of this Committee would be the 
persons receiving the test number of votes. 

Vice-President J. H. Lilly was given the chair- 
manship of the meeting and he introduced President 
R. C. Smith who delivered a most inspiring Presi- 
dential Address. : 

President Smith called on E. F. Knipling as 
Premed geno fe aida 

ists for a word 0} ting. 

Dr. Knipling expressed his appreciation for being 
able to attend the annual meeting of the North 
Central States Branch. He reviewed some of the 
activities of the parent association and discussed at 
some length the possible changes in the organization 
if the American Association and Entomological 
Society consolidate. 

Dr. Knipling stressed the importance of Branch 
meetings as outlets for much of the entomological 
work in the country. He complimented the North 
Central States Branch on its program arrangement 
whereby the more important economic problems are 
given special emphasis. 

Meeting adjourned by President Smith. 


SMORGASBORD 
Tuurspay, Marcu 27, 
1952, 6:30 P.M. 

McLaughlin Gormley King Company of Min- 
neapolis played host to those attending the Branch 
meeting at a most enjoyable Smorgasbord in cele- 
bration of the 50th Anniversary of the Company. 

Fina Business SEssIon 
Marcu 28, 1952 


The meeting was called to order by President 
Smith at 11:30 a.m. President Smith called for the 
following reports: 
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TREASURER’S REPORT 
Marcu 21, 1951 To Marcu 26, 1952 


Credits 
Balance in Treasury—March 20,1951. 8 494.47 
Sale of 382 wiry my 00 ea... 764.00 
Pos payment for mailing one 
- 4 EE anc a reece ces .39 
Surplus during 1951 registration... .. 9.00 
SE SE a ii y'sis Vee BGak oes 48 - 6.28 
$1,274.14 $1,274.14 
Debits 

Expenses for 1951 meeting.......... $ 45.29 

Expenses of Secy.-Treas. at 1951 
OT 9 Ee a Pe 36.66 
eapsnmses Recorder at 1951 meeting . 18.49 

Paid to ay Printing Co. for 1951 
PROGTAMS...... 2... ees ececees 84.00 
Paid to J. 7. Kulk for 1951 badges. . 24.85 

Paid to a Printing Co. for 1952 
a tae stile ana nt ve ahs 75.25 

Paid to Democrat Printing Co. for 1952 
ON OS SE ESES Va DST 7 Seg ie Sh EEE Sete 10.25 

Paid to Letter Shop for four mailings to 
er aiden, ee 142.68 
Cost of preparing 1951 Proceedings. . 707.20 

Paid to Norma Itten for secretarial 
WN bo caNirs Viatain sare 0 FES ogee re 15.00 
Paid to U.S. Post Office for stamps. . 4.00 

Paid to First National Bank for two 
extra withdrawals................ .50 

Paid to Rowley & Schlimgen for re- 
ER ila ota en oa. «WER dos 40:8 s 2.00 

$1,166.17 $1,166.17 


Balance on hand March 26, 1952............. $ 107.97 


Submitted by J. W. Appix, Secretary-Treasurer 


Report oF AUDITING COMMITTEE 
Marcu 27, 1952 
The books have been audited and found in good 


order and correct. 
Auditing Committee 
Post, Chairman 
Ray L. JANEs 


The reports by the Treasurer and Auditing Com- 
mittee were accepted by the membership. 


Report oF RESOLUTIONS COMMITTEE 


Resolution No. 1 


Wuereas, This the seventh annual meeting of the 
North Central States Branch of the American As- 
sociation of Economic Entomologists has been 
successful, enjoyable and pleasant due in large 
measure to the careful planning of the Program 
Committee and to the work of the Local Arrange- 
ments Committee, therefore 

Be it resolved, That an expression of gratitude and 
appreciation be extended the members of these two 
committees and 

Be it further resolved, That an expression of ap- 
preciation be extended to the officers of the Associa- 
tion with particular note of indebtedness to our 
President for his preparation and delivery of an 
inspiring address, 

Resolution accepted unanimously. 


Resolution No. 2 


Wuereas, The McLaughlin, Gormley, King 
Company of Minneapolis in celebration of its 50th 
anniversary as manufacturers of insecticides, in- 
vited the members of the North Central States 
Branch of AAEE to be its guests at a delightful 
smorgasbord at the Hotel Lowrey, and 
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Wuereas, The smorgasbord was enjoyed by all, 
therefore 

Be it resolved, That the membership of the North 
Central States Branch express its appreciation to 
the McLaughlin, Gormley, King Company for its 
generous hospitality and that best wishes be ex- 
tended to the Company on the occasion of 50 years 
of outstanding service to American industry and 
agriculture and 

Be it further resolved, That the Secretary be in- 
structed to forward copies of this resolution to the 
officials of the Company. 

Resolution accepted unanimously. 


Resolution No. 3 


Wuereas, The use of visual aids greatly enhances 
the presentation of informational material and 

Wuereas, The imposition of charges upon the 
speaker for the use of such visual aid equipment 
tends to discourage the use of such equipment, 
therefore 

Be it resolved, That the North Central States 
Branch assume the expenses of securing and using 
standard slide projectors and 16 mm. sound movie 
equipment to be used in connection with its annual 
meeting. 

Resolution accepted by majority. 





Resolution No. 4 


Wuereas, The Program Committee during the 
preparation for this the seventh annual meeting 
found it necessary to eliminate a number of sub- 
jects submitted for discussion and the members 
were therefore deprived of the opportunity of hear- 
ing discussion on these subjects and 

Wuereas, To include the number of topics 
which do appear on the program it was found neces- 
sary to arrange three concurrent sessions for three 
one-half day periods in addition to one evening 
session and 

Wuereas, The membership must travel consider- 
able distances at much expense, therefore 

Be it resolved, That the North Central States 
Branch extend its period of meeting from 2 days to 
3 days. 
sang resolution was not accepted by the member- 
ship. 


Resolution No. 5 

Wuereas, Legislation concerning insect control 
and regulation of pesticides is of vital interest to 
many entomologists and 

Wuereas, Most entomologists do not have the 
time nor the facilities to learn of proposed legisla- 
tion that deals with insect control and 

Wuereas, Such information on proposed legisla- 
tion if available to entomologists could be useful 
to them and would encourage them to participate 
more actively in the operation of our democratic 
processes, therefore 

Be it resolved, That the North Central States 
Branch of the American Association of Economic 
Entomologists request the parent organization to 
appoint a standing committee whose duties will be 
the assembling, evaluation, and distribution of in- 
formation concerning proposed legislation on mat- 
ters pertaining to insect control, pesticides, and any 
other legislative matters of vital interest to the 
membership. 
Resolution accepted by majority. 
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Resolution No. 6 


Wuereas, The discussions presented at the 
meetings of the North Central States Branch 
AAEE | woes present the latest information on 
the life history, habits, and control of the injurious 
insects in our area and 

Wuereas, This information is of foremost value 
to entomologists of the area in formulating plans and 
recommendations for the current season and 

Wuereas, The meetings are held rather late in 
the winter so that by the time the ings are 
published and distributed to the members, they are 
too late to be of much value during the current 
season, therefore 

Be it resolved, That the Executive Committee 
of the North Central States Branch AAEE explore 
the possibilities of having abstracts of talks sub- 
mitted in advance so that they may be assembled 
for distribution to the membership at the time of 
registration. ° 

Resolution accepted unanimously. 


Resolution No. 7 


Wuereas, The Food and Drug Administration 
Tolerance Hearings on use of many pesticides in 
food crops have been terminated for approximately 
18 months and 

Wuereas, That Administration has not yet an- 
nounced tolerances or tentative tolerances for the 
pesticides covered by extensive testimony during 
the aforementioned hearings and 

Wuereas, The absence of such tolerances con- 
tinues to result in and contribute to confusion, 
waste, and loss due to less efficient control of many 
important pests and 

Wuereas, The absence of such tolerances makes 
it impractical for the officials of the Insecticide 
Division of PMA in the U. S. Department of Agri- 
culture to register labels for many pesticides covered 
in testimony presented in the aforementioned 
hearings and 

Wuereas, Each commercial organization pre- 
sented briefs covering its products thereby simplify- 
ing the task of reaching recommendations for 
tentative tolerances, therefore 

Be it resolved, That the North Central States 
Branch AAEE urgently request the prompt an- 
nouncement of tolerances for the pesticides covered 
by ee during the aforementioned hearings 
an 

Be it further resolved, That the Secretary of the 
North Central States Branch be instructed to for- 
ward this resolution to the Commissioner of the 
Food and Drug Administration and to the Chief of 
tee DT Security Administration, Washington, 
D.C. 

Resolution accepted by majority. 


Resolution No. 8 


Wuereas, The Study Group appointed by Secre- 
tary of Agriculture, Charles F. Brannan, to review 
and evaluate the Insect and Plant Disease Programs 
of the B.E. & P.Q. has in its Report recommended 
expansion of entomological research and increased 
educational efforts related to insects and plant dis- 
eases and 

WuereEas, Such recommendations should mark- 
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edly increase the effectiveness of insect control and 
promote interest in the profession of entomology, 
therefore 
Be it resolved, That the North Central States 
Branch AAEE express its concurrence in the 
recommendation set forth in the Report of the afore- 
mentioned Study Group and commend the Study 
Group for its conclusions and proposals and 
Be it further resolved, That the Secretary of the 
North Central States Branch forward copies of this 
resolution to Secretary of Agriculture, Charles F. 
Brannan, and to each member of the committee 
which carried out this assignment. 
Resolution accepted unanimously. 
Submitted by the Resolutions Committee 
W. E. McCautey, Chairman 
D. A. Wiisur 
W. M. Rocorr 
H. O. Dray 


Report oF TIME AND PLACE 
CoMMITTEE 


The Time and Place Committee consisting of 
H. M. Harris, Leonard Haseman and R. B. Neis- 
wander report that after careful consideration of all 
of the invitations received, they recommend that 
the next annual meeting of the North Central 
States Branch of the American Association of 
Economic Entomologists be held on March 26 and 
27, 1953 at St. Louis, Missouri. 

R. B. Ne1swaNDER 


President Smith opened the discussion on the 

proposed increase in registration fee charge for the 

ings or both. It was moved and seconded 

that the recommendation of the Executive Com- 
mittee be accepted. 

J.J. Davis—I would like to amend the motion to 
make the charges $3.00 instead of $2.50. 

President called for a vote on the Davis amend- 
ment to the motion. This was defeated. A vote on 
the original motion indicated a majority approval. 

The Secretary was called on to read a letter from 
Ray Hutson in which the Branch was invited to 
East Lansing, Michigan in 1955. President Smith 
referred action on this offer to the new Executive 
Committee. 

President Smith called on T. C. Allen to give the 
results of the elections. 


Nominating Committee 
C. J. Wersman, Chmn, 


A. W. Buzicxy 
P. A. Daum 


Secretary-Treasurer J. W. APPLE 
Vice-President P. A. Daum 
President T. H. Parks 


President Smith called the newly elected officers 
to the rostrum and transferred the direction of the 
Branch to President-elect Parks. 

President-elect Parks accepted the chairmanship 
of the Branch and called on the members to give 
him the necessary cooperation in the conduct of 
Branch activities. He stated that the new Constitu- 
tae Revision Committee would be appointed by 
mail. 

Meeting adjourned by President Parks. 





MINUTES OF THE SIXTEENTH 
ANNUAL SPRING MEETING 


GEORGIA ENTOMOLOGICAL SOCIETY 


Savannah Hotel, Savannah, Ga. 
March 7-8, 1952 


The meeting was called to order at 1:30 P.M. on 
March 7. President W. G. Bruce introduced Mr. 
Hadley Cammack, vice-president of the Savannah 
Chamber of Commerce, who welcomed the group to 
Savannah. President Bruce responded to Mr. Cam- 
mack’s welcome and spoke briefly on “The Ento- 
mologist and the National Defense Effort.” He 
pointed out some of the many ways in which the 
work of the entomologist was essential in the defense 
effort and urged full support of this work by the pub- 
lic and by the various governmental agencies, Na- 
tional, State, and Local. 

Dr. E. F. Knipling, President of the American 
Association of Economic Entomologists, com- 
mented briefly, endorsing heartily the idea of State 
entomological societies. He discussed briefly the 
question of the consolidation of the two national 
entomological societies and urged attendance at the 
coming meetings at Philadelphia. 

Mr. W. W. Rowe, Jr., of the Ashcraft Wilkinson 
Co. of Atlanta, speaking for the National Agricul- 
tural Chemicals Assoc., predicted that if full use of 
alternate chemicals is made, insecticide supplies 
will probably be adequate for 1952. Lead arsenate, 
sulfur, and copper compounds are short, as are con- 
tainers. He strongly urged early buying of chemicals 
to offset possible inequities in distribution and short- 
ages in particular insecticides. 

President Bruce then called for the report of the 
Secretary-Treasurer, which read as follows: 

As of March 5, 1952, the Georgia Entomological 
Society has an active membership of 90. 

As directed by the Society, messages of thanks 
were sent to Lt. Tom Gunn, USNR, for his telegram 
of felicitation and to Dr. P. M. Gilmer, USBEPQ, 
Washington, D. C.; to Pres. G. P. Donaldson, 
Abraham Baldwin College, Tifton, Ga.; and to Mr, 
F. E. Allison, Calif. Spray Chemical Corp., for their 
part in the success of the Tifton meeting. Newspaper 
notices of the meeting at Tifton were sent to the 
papers in Athens, Atlanta, Fort Valley, Macon, 
Tifton, and Savannah. 

Over 100 copies of the minutes of the Tifton meet- 
ing were sent to interested entomologists and a 
rather full statement of the proceedings was sent 
to Secretary E. N. Cory of the American Assoc. of 
Economic Entomologists for publication in the 
Journal. A copy of a letter from Dr. Cory to Dr. 
Peairs (editor of the Journal) dated February 29 
is at hand in which Dr. Cory recommends that here- 
after the minutes, including paragraphic abstracts of 
papers presented, be published in the Journal also. 

Letters were sent to 17 industrial organizations 
in Georgia inviting them to send representatives to 
this meeting and to join the Georgia Entomological 
Society. Similar invitations were went to eleven out- 
of State organizations and entomologists, The final 
point of instruction to the Secretary was taken care 
of by the program committee when it prevailed 
upon three distinguished out-of-State entomologists 
to present papers at this meeting. 

Society envelopes and letterheads were printed 
also according to instructions. 

The state of the treasury is as follows: 


Credits 


On hand at date of last report (March 9, 
1951) 


Stationery and mimeograph stencils... . . 
Stamps and postcards 


< 12.57 


1.08 


28 . 26 
121.23 
.09 


Poraz Duarti's. 2.6 oe 
Cash on hand in National Bank of Athens 
Petty cash fund 


Tora. Casa on Hanp $121.32 
Respectfully submitted, 
(Signed) Horace O. Lunp 


Secretary-Treasurer 


President Bruce appointed the following commit- 


tees: 

Auditing: C. M. Brecxuam, O. K. FLercuer, 
H. N. Potuarp 

Resolutions: O. I. Snapp, W. E. BuasinGame, 
Tuomas Duck 

Nominating: M. R. Osspurn, J. C. AupEN, C. C. 
FANCHER 


O. I. Snapp, Chairman of the Publications Com- 
mittee, who represented the Society at the Septem- 
ber meeting of the Florida Entomological Society, 
stated that the Florida Society was not interested 
in altering its present arrangements for the “Florida 
Entomologist” in such a way as to make it a joint 

ublication of the Georgia and Florida Societies. 

e recommended membership in the Florida Society 
for those who would publish in the “Florida Ento- 
mologist.” 

Mr. G. G. Rohwer, Chairman of a Constitutional 
Revision Committee, discussed certain proposed 
changes in the Constitution and suggested that the 
secretary initiate the proper procedures to accom- 
plish the revisions. A motion to this effect by Mr. 
Snapp was adopted. 

President Bruce then recognized Mr. Homer 
Harris, a new member of the Society, for his part in 
the heroic rescue of a Negro child from a burning 
home. 

The first paper-reading session followed: 

1. E. F. ipling, BEPQ, Washington, D. C., 
spoke on “The Present Status of the Screw-worm 
Problem and New Developments.” He stated that 
it was now proposed to eliminate the screw-worm 
from the Southeast by liberation each week for 
several weeks of about 10,000,000 flies previously 
sterilized by x-rays. Pilot experiments on Santa 
Belle Island off the Florida coast indicate the feasi- 
bility of the program. 

2. Roy Fritz, USPHS, Atlanta, discussed “Dis- 
aster Insect Control Operations” in which he related 
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the part played by the USPHS in the Columbia 
River Flood of 1948 and the Kansas City Flood of 
1951 in the control of pest mosquitoes. 

8. R. W. Fay, USPHS, Savannah, discussed some 
of the problems involved in the development of 
“Radioactive Isotopes in Tagging Insects,” such as 
the selection of an isotope that will be detectable 
but not too toxic either to the insect or to man, that 
will mark both sexes of insects, and that will persist 
long enough for the purposes of the experiment. 

4. A. D. Hess, USPHS, Savannah, then reviewed 
the “Entomological Work of the Technical Develop- 
ment Branch of the CDC” at its various stations 
distributed over the United States and its posses- 
sions, 

5. Max R. Osburn, BEPQ, Albany, discussed his 
“Experiments for Pecan Weevil Control in 1951.” 
Under conditions of light infestation, he found 6 
pounds of 50% wettable DDT or 6 pounds of 40% 
wettable toxaphene to 100 gallons of water gave per- 
fect control. Where weevil infestations were very 
heavy, control was not as good. Two pounds of 25% 
parathion reduced a heavy infestation but was not 
satisfactory. Damaging infestations of the black 
pecan aphid and the mite, Tetranychus hisoriae 
(McGregor), resulting in premature defoliation, fol- 
lowed the use of DDT and there was some evidence 
that the repeated use of DDT caused a reduction 
in nut yields. 

6. O. I. Snapp, BEPQ, Fort Valley, found in his 
“Peach Insect Investigations in 1951” that in both 
small and large plot experiments dieldrin in four ap- 
plications placed first and parathion in five applica- 
tions placed second against the plum curculio. Per- 
fect control was obtained in lightly infested large- 
scale plots with dieldrin. Parathion, EPN, and aldrin 
were effective and methoxychlor and lead arsenate 
gave fairly good results. Under an unprecedented 
infestation, the percentages of curculio-infested 
peaches at harvest ranged from 45.6 to 77.7 for all 
the other treatments in one-tree plots, as compared 
with only 7.4 where dieldrin had been used. 

The flavor of fresh ripe peaches was not affected 
by any of the insecticides, and no injury to the fruit, 
leaves, buds, budwood or any part of peach trees 
could be discerned from any of the materials except 
lead arsenate, which caused the usual amount of 
foliage injury and injured some of the fruit. 

7. H. N. Pollard, BEPQ, Fort Valley, reported on 
the “Life Histories and Habits of Phony Peach Dis- 
ease Vectors.” He pointed out that one of the prin- 
cipal difficulties encountered in controlling these 
leafhoppers stems from the wide variety of plants 
upon which they will feed. 

8. T. D. Persons, BEPQ, Macon, spoke on 
“Promising New Approaches to Control of Phony 
Disease of the Peach.” The recent adaptation of a 
chemical method for diagnosing phony infection in 
symptomless wild plums has led to the recommen- 
dation that wild plums growing near orchards should 
be killed with chemicals which kill the entire plant. 
The development of a spray program for the control 
of presently known vectors is also under way. These 
controls as adjuncts to the roguing of infected trees 
offer renewed hope for more efficient control of this 
disease which has caused the loss of more than three 
million peach trees in the Southeast. Combined 
host and vector surveys begun in 1951 may make it 
possible to delimit or forecast the distribution of 
ne disease and thus improve the efficiency of con- 
trol. 

The session closed with a presentation of the 
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BEPQ film “The European Corn Borer” arranged for 
by W. F. Turner, BEPQ, Fort Valley. 

9. The annual banquet was held at 7.30 p.m. in the 
Camellia Room of the Savannah Hotel. President 
Bruce introduced the distinguished visitors and the 
thirty new members. Dr. A. D. Hess, USPHS, Sa- 
vannah, took us on a very entertaining and educa- 
tive trip, verbally and pictorially, through the Is- 
lands of the Caribbean Sea and South and Central 
America. 

The Saturday morning paper-reading session pro- 
ceeded as follows: 

10. M. D. Farrar, Clemson College, S. C., dis- 
cussed “‘Soil Insecticides.” He listed the advantages 
and disadvantages of nine different insecticides, 
the effective concentrations against various insects 
and the phytotoxic concentrations. He indicated 
some recent advances in methods of application 
such as granulated formulations applied from air- 
planes. He pointed out that when root pests are 
eliminated, corn yields increase sometimes as much as 
30 per cent and peanut yields two to three times. 

11. Norman Allen, BEPQ, Florence, S. C., de- 
scribed “Experiments for the Control of Green June 
Beetle Larvae in Tobacco Plant Beds.” He stated 
that parathion as a drench, dust, or bait was very 
good, as were dilan and lindane. He recommended } 
pound of 15% parathion per 50 gallons of water ap- 
plied at one gallon per squareyard. 

At this time President Bruce recognized Mr. Jack- 
son, retired general agricultural agent of the Central 
of Georgia Railroad, and Dr. Alexandrini, visiting 
entomologist from Rome, Italy. 

12. L. W. Morgan, Coastal Plain Experiment 
Station, Tifton, spoke of “Insecticides Used for 
Control of Tobacco Insects.” He stated that an effort 
was being made to encourage growers to establish 
a regular program of applications of insecticides to 
minimize damage by the less conspicuous species 
and forms. 

13. H. O. Lund, University of Georgia, Athens, 
told of “Some Forest Insect Problems” prevalent in 
Georgia in the last few years. He suggested a BHC 
solution in oil (0.65% gamma) be applied to the 
trunks of pines recently infested with the black tur- 
pentine beetle and that plenty of water be supplied 
to the trees. Against the Old House Borer, and pow- 
derpost beetles, he recommended the liberal applica- 
tion of orthodichlorobenzene, paradichlorobenzene 
in kerosene, or 5% pentachlorphenol in fuel oil to 
infested timbers. 

14. J. W. Miller, University of Georgia, Athens, 
described “‘The Biology of the Square-necked Grain 
Beetle,” Cathartus quadricollis Guer., which was 
reared under controlled conditions of moisture, light, 
and temperature. The various life cycle stages and 
the special techniques in handlingeach stage were de- 
scribed. An average of 33 days was required for com- 
pletion of the life cycle from egg to adult at 30° C., 
90 per cent relative humidity naa total darkness. 

15. D. W. LaHue, BEPQ, Tifton, told of “Prog- 
ress in the Control of Stored Grain Pests.” He 
stated that the best corn fumigant was the 4:1 mix- 
ture of carbon tetrachloride and carbon disulfide. 
Dusts of pyrethrum and a synergist are effective 
only if the infestation is light when it is applied. He 
described the weevil control demonstration being 
put on in South Georgia in conjunction with the ex- 
periment station and extension service. 

16. C. H. Alden, State Department of Entomol- 
ogy, Atlanta, discussed “Tomato Transplant Certi- 
fication.” He stated that Georgia has nearly all the 
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certified tomato transplant business, producing ap- 
proximately 700 million plants per year. He de- 
scribed the methods of checking on the seed, the 
land, the plants, and the spraying program and 
listed the diseases and insects most c*.en found. 

17. F. R. Blackwell, BEPQ, Tiiton, spoke on 
“Recent Developments in the Sweet Potato Weevil 
Situation in Georgia.” He stated that of the total 
number of properties found infested since 1945 
(1053 in 28 counties), only 184 in 16 counties remain 
actively infested. Since one of the greatest problems 
arises from the promiscuous planting of small home 
patches of sweet potatoes, an active general educa- 
tion program must be carried to all the people. In 
the past six months, 16,961 inspections have revealed 
159 infested properties. 

18. C. M. Beckham, Georgia Experiment Sta- 
tion, Experiment, presented his “Recent Investiga- 
tions on the Vegetable Weevil” conducted from 1948- 
51. He discussed distribution, host plants, habits, 
and seasonal occurrence and reported the first 
United States record of a vegetable weevil parasite, 
a larvaevorid, Hyalomyodes triangulifera (Loew). 
The comparative effectiveness of a number of insecti- 
cides was presented. 

19. G. R. Swank, BEPQ, Fort Valley, spoke on 
“The Effects of Subsequent Yield Produced by 
Growing Tomato Transplants in DDT-Treated 
Soil.” At pulling time the transplants were smaller 
and consequently the average tomato was smaller 
when the transplant beds were treated with 25 or 50 
pounds of DDT per acre than when they were un- 
treated or treated with only 10 pounds per acre. 
Total yields were the same for all treatments within 
each of the six varieties tested. 

20. C. C. Fancher, BEPQ, Macon, discussed 
“Recent Modifications in the Control of the White- 
Fringed Beetle.” He pointed out that the vegetable 
and flower gardener may now protect his plants with 
a fertilizer containing DDT. The nurseryman, the 
dealer in industrial supplies, and any other individ- 

ual handling regulated articles may now apply a 
surface application of 25 pounds of DDT in 200 gal- 
lons of water per acre to his property or storage area 
and reduce populations for three or more years. 
The use of such treatments reduces the responsi- 
bility of the State-Federal project. 

21. W. F. Turner, BEPQ, then presented the 
moving picture, “Your Enemy, The Grasshopper.” 

In the final business meeting, the report of the 
auditing committee endorsing the report of the 
treasurer was, on motion, accepted, as was the re- 
port of the resolutions committee, which follows: 

Whereas the Georgia Entomological Society has 
enjoyed a most profitable and interesting meeting 
at Savannah, Georgia, on March 7 and 8, 1952, 
with the largest attendance in its history: 

Be it resolved that we express our thanks and ap- 
preciation to Mr. Hamilton Laudani and Dr. A. D. 
Hess for making the necessary local arrangements 
and to Mrs. Hamilton Laudani and Mrs. H. T. 
Vanderford for arranging and conducting the tour of 
azalea-filled historic Savannah for the score of wives 
who attended; to Mr. W. F. Turner and Mr. G. G. 
Rohwer for preparing the excellent program; and 
to Mrs. Hamilton Laudani and Mrs. H. O. Lund, 
who so ably assisted with the registration. 

Be it further resolved that we express our thanks 
to the United States Health Service CDC in Sa- 
vannah for providing the necessary projectors and 
to the Savannah Hotel for providing the excellent 
meeting facilities. 
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Be it further resolved that the Georgia Entomo- 
logical Society express its regret to Professor P. W. 
Fattig of Emory University for his inability to at- 
tend this meeting, the first he has missed since the 
formation of the Society in 1937. 

Be it further resolved that we express apprecia- 
tion for the presence, interest, and participation in 
our program of distinguished out-of-State ento- 
mologists, Dr. M. D. Farrar of Clemson, S. C., Mr. 
Norman Allen of Florence, S. C., and Dr. E. F. 
Knipling, President of the American Association of 
Economic Entomologists. 

The report was on motion approved. 

The nominating committee then recommended 
the election of the following slate of officers: 

President: W. F. Turner, BEPQ, Fort Valley. 

Vice-President: W. E. Blasingame, State Dept. of 

Entomology, Atlanta. 
Secretary-Treasurer: H. O. Lund, University of 
Georgia, Athens. 

Historian: P. W. Fattig, Emory University. 

The secretary was instructed on motion approved 
to cast a unanimous ballot for these candidates. 

President Bruce thanked the Society for having 
afforded him the honor of the presidency and pre- 
sented the gavel to President-elect Turner, who then 
suggested that all those interested assemble at 1.30 
p.M. for the tours of the Savannah laboratories of the 
USBEPQ and the USPHS Communicable Disease 
Center. Twenty persons signified their intention of 
going on the tour. 

Members and guests registered at the sixteenth 
annual spring meeting were as follows: 


C. H. Alden E. F. Knipling 
John C. Alden D. W. LaHue 
Norman Allen H. Laudani 
F. E. Allison H. O. Lund 
E. R. Basinski I. E. McCall 
C. M. Beckham M. McGee 
. R. Blackwell J. M. Miller 

. Blasingame L. W. Morgan 

. Boland L. H. Moore 
. Brogdon J. H. Neal 

. Bruce W. C. Nettles 
. Bry. ant M. R. Osburn 
. Childs K. R. Parkinson 
. Clark W. J. Patterson 

. Cross T. D. Persons 

. R. Davidson H. N. Pollard 
. Davis H. D. Purswell 
ck, Jr. G. G. Rohwer 
upree W. M. Rowe 

. Dunn O. I. Snapp 
een M. E. Snodgrass 
). Farrar G. R. Swank 

. Fay W. E. Towson 

. Fletcher J. A. Turner 
f. Fortson W. F. Turner 
H. T. Vanderford 
W. W. Wells 
O. W. Whitehead 
A. Williams 
R. A. Williams 
M. L. Wright, Jr. 
N. W. Youngblood 
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oRACE QO. Lunp 
Secretary-Treasurer 
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PROCEEDINGS OF THE SECOND ANNUAL MEETING 
SOUTHWESTERN BRANCH 


AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 
San Antonio, Texas, Feb. 28-29, 1952 


The Second Annual Meeting of the Southwestern 
Branch of the American Association of Economic 
Entomologists was held in San Antonio, Texas, 
February 28-29, 1952. 

Preceding the official meeting (Feb. 27) a tour of 
the Kerrville, Texas, Laboratory of the United 
States Department of Agriculture, Bureau of Ento- 
mology and Plant Quarantine, was made. Demon- 
strations were made by the personnel of the Lab- 
oratory. 

The meeting was called to order by Chairman 
R. C. Bushland. Following the invocation, Vice- 
Chairman O. J. Chapman assumed the chair and 
presented Dr. R. C. Bushland for the annual address 
of the Chairman. The title of the address was “‘Co- 
operation in Entomological Research.” 

The 264 members and guests were pleased to hear 
greetings and comments from E. F. Knipling, our 
National President. Thirty-nine papers and talks 
were presented. 


Chairman Bushland called for the following re- 
ports: 
TREASURER’S REPORT 


Credits 


Balance on hand $-5-51...... . $378.17 
Registration Receipts 3-6-51. . .. 
A.A.E.E. Refund 


Envelo 


Debits 


8.94 
Announcements and Registration 
8.75 


Postal Card Announcements... . 9.37 





$695.59 
Balance on hand in Treasury... . 


$158.01 
537.58 





$695.59 $695.59 


SHERMAN W. C.iarkK 
Secretary- Treasurer 


REPORT OF THE AUDITING COMMITTEE 


We have examined the records and books of the 
Secretary-Treasurer and find them in order. 
J. C. Garnes, Chairman 
J. A. Cason 
H. V. CuaBorn 


REPORT OF THE COMMITTEE AS A 
WHOLE ON THE 1953 MEETING 


The Secretary presented telegrams, letters, and 
brochures, from various cities of the State of Texas 
asking for the 1953 convention. H. G. Johnston pre- 
sented the report of the Executive Committee rec- 
ommending Galveston. Chairman Bushland called 
or nominations from the floor. After some discussion 
: was voted to hold the 1953 meeting in Galveston, 

eXas, 


REPORT OF THE NOMINATING 
COMMITTEE 


The Nominating Committee nominated officers 
for 1952-58 as follows: ; 


Chairman, P. J. Reno 

Vice-Chairman, CiypE A. BowER 
Secretary-Treasurer, SHERMAN W. CLARK 
Executive Committee, ALLEN GUNTER 


Strauine Kyp, Chairman 
Dovua Earty 
W. C. MaxweE.. 


The membership unanimously approved the nom- 
inations. 


REPORT OF THE COMMITTEE 
ON RESOLUTIONS 


The following resolutions were adopted by the 
membership: 


Resolution 1 

Wuereas, the members of the Southwestern 
Branch of the American Association of Economic 
Entomologists in attendance at the Second Annual 
Meeting at San Antonio, Texas, on February 28 and 
29, 1952, have enjoyed an interesting and profitable 
meeting: 

THEREFORE, be it resolved that we hereby express 
our special thanks and appreciation to the following: 


a. E. F. Knipling, President, American Associa- 
tion of Economic Entomologists, for his pres- 
ence and interesting address. 

. F. C. Bishopp and Kelvin Doward of the Bu- 
reau of Entomology and Plant Quarantine, 
Washington, D. C. for their participation on 
the program and valuable contributions to the 
meeting. 

. L. F. Curl, Chairman, W. L. Barrett, and T. R. 
McGregor of the Local Arrangements Com- 
mittee for their hard and faithful work in pro- 
viding entertainment, transportation, and 
otherwise making the meeting a success. 

. The personnel of the Kerrville BEPQ for the 
very interesting, instructive, and informative 
program and the enjoyable barbecue lunch pro- 
vided at Kerrville on February 27 for the 150 
visitors. 

. Plaza Hotel for providing the excellent meeting 
rooms and other facilities. 

. R. C. Bushland, Chairman, A. J. Chapman, 
Vice-Chairman, and Sherman W. Clark, Sec- 
retary-Treasurer, for so ably fulfilling their 
duties during the meeting and in making pre- 
paration therefor. 

. F. A. Fenton, Chairman, and other members 
of the Program Committee for arranging and 


preparing the program. 
Resolution 2 
Wueneas, the spread of the pink bollworm has in- 
creased to such alarming proportions during the 
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past two years, and, whereas, it is believed that the 
continued spread of this insect creates a threat to the 
most profitable production of cotton; 

THEREFORE, be it resolved that thisorganization go 
on record as favoring the appropriation or the secur- 
ing of sufficient funds by Federal, state, and private 
industry to adequately support all phases of pink 
bollworm research and control. It is the definite re- 
commendation of this group that such increased 
appropriations should not be made available at the 
expense of the current cotton insect research pro- 
gram. And, be it further resolved, that a copy of this 
resolution be sent to the Secretary of Agriculture, 
to the Chief of the Bureau of Entomology and Plant 
Quarantine, to the National Cotton Council, and 
to the U. S. Senators and Congressmen from the 
Southwestern states. 

K. P. Ewrne, Chairman 
Mannine A. Price 
Jim O'NEAL 


The resolutions were unanimously adopted by the 
members. 


MEMBERS AND GUESTS REGISTERED 





Acock, Robert H. 
Adams, J. F. 
Akin, Bill 

Alden, John C. 
Alex, A. H. 
Alsobrook, B. L. 


Babb, Crawford D. 
Bacon, R. L. 
Baker, Harold J. 
Balzer, August 
Barber, C. L. 
Barrett, William L. 
Barton, Larry L. 
Beavers, A. B. 


Beckman, Herman F. 


Becnel, I. J. 
Behse, O. C. 
Beidler, E. J. 
Berry, N. O. 
Bickerton, J. M. 
Bieberdorf, G. A. 
Bilsing, S. W. 
Bishopp, F. C. 

* Bixby, A. F. 
Bogaard, Tom 
Bourland, Don T. 
Bower, Clyde A. 
Boyd, Bob 
Bradburn, R. L. 
Bramblett, W. J. 
Brazeal, C. B 
Brook, Ted S. 
Brooks, Fred N. 
Browne, E. F. 
Brownlee, John R. 
Brundrett, H. M. 
Brunn, Lynn K. 
Buchanan, E. L. 
Burg, Simon J. 
Burnside, W. H. 
Bushland, R. C. 
Bussart, J. Everett 
Butler, Hardie 


Calhoun, S. L. 
Carr, John B. 


Carson, Nathan B. 
Casey, Carl H. 
Cason, J. A. 

Cavitt, Hugh S. 
Chada, Harvey L. 
Chadbourne, Dan S. 
Chapman, A. J. 
Chapman, Charlie 
Chase, John S. 
Cherry, W. F. 


Claborn, Houston V. 


Clark, J. C. 

Clark, Sherman W. 
Condron, Carl H. 
Cook, F. E. 

Cook, S. E. 
Cooper, Bromley F. 
Cowart, L. E 

Cron, M. H. 

Curl, L. F. 

Curran, Robert 


Dahms, R. G. 
David, Roy S. 


Davis, George T., Jr. 


Deer, James A. 
Deputy, O. D. 
Diaz, Joe 

Dietz, Harry F. 
Dilworth, Hal C. 
Dobbin, Ed 
Dorward, Kelvin 
D. Riss, John M. 
Dubuisson, E. B. 
Duval, R. C. 


Earley, Doug 
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Malathon—A coined name for the insecticidal chemi- 
cal 0,0-dimethyl ditbiophosphate of diethyl 
mercaptosuccinate 


The word “malathon” has been selected as a 
coined name for the insecticidal chemical 0,0- 
dimethyl dithiophesphate of diethyl mercapto- 
succinate and approved by the Interdepartmental 
Committee on Pest Control. The American Chemical 
Society is agreeable to its use. Malathon was 
formerly designated as S-(1,2-dicarbethoxyethyl) 
0,0-dimethyl dithiophosphate and also as Experi- 
mental Insecticide No, 4049. 

Malathon has been registered by the American 
Cyanamid Company as a trademark in the United 
States and in all important foreign countries. The 
company has taken steps to transfer the name to the 
supplementary list in the Trade-Mark Division 
from the list where it was originally registered for 
application as a trade-mark. The name “malathon” 
therefore is available for use as a common name for 
designating this chemical. 

The name “malathon” applies to the pure 
chemical and a technical grade shall indicate the 
percentage of malathon present. 

PuysicaAL AND CHEMICAL PROPERTIES.—Empiri- 


cal Formula: 
C; oH, gO6PS2. 


Structural Formula: 


, i 
(CH;0);P—S—CH —C—O0C.H; 
O 
é 
CH:—C—O0GH; 


A high boiling deep-brown to yellow liquid, some 
samples of which possess a characteristic odor. Boil- 


761 


ing point 156-157° C. at 0.7 mm. with slight de- 
composition (99+%): melting point 2.85° C. 
(99+%): refractive index np*® 1.4985 (99+%): 
specific gravity 1.23 at 25° C. (90% technical): 
purity—technical grade 85-95 per cent. One gallon 
(90% technical) weighs approximately 10.25 pounds. 

Solubility —Slightly soluble in water (145 ppm.): 
miscible with many organic solvents including alco- 
hols, esters, ketones, ethers, aromatic and alkalated 
aromatic hydrocarbons and vegetable oils. It has 
very limited solubility in certain paraffinic hydro- 
carbons without the use of a mutual solvent. Pe- 
troleum ether (30-60° C.) is soluble to the extent of 
35% in malathon. 

Compatibility.—Malathon rapidly hydrolyzes and 
loses its insecticidal efficiency under alkaline condi- 
tions. Mixtures with alkaline insecticides, fungicides, 
and inert materials should be avoided. Bordeaux 
mixture should not be used with malathon. Prelim- 
inary information indicates that both the wettable 
powder and the emulsifiable liquid may be used with 
the more commonly used insecticides and fungicides. 
In tests by entomologists during 1950 and 1951, for- 
mulations containing malathon were used in com- 
binations with lead arsenate, parathion, wettable 
DDT, methoxychlor, TDE, ferbam, mineral oil, 
nabam, tri-basic copper sulfate, wettable sulfur, 
zineb, and ziram. No phytotoxic effects were re- 
ported with these combinations. 

Puytotoxiciry.—The compound seems to be 
tolerated by a number of plants at the concentra- 
tions required for insect control. It is of interest to 
note that it is tolerated by McIntosh and related 
varieties of apples, which have been injured by 
higher dosages of certain organo-phosphorous com- 
pounds. Injury has been obtained on corn in the 
whorl stage and on Boston fern. Some stunting has 
occurred on cucumbers in the runner stage. 

InsectTicipAL Properties.—Field tests with 
malathon in 1950 and 1951 indicate that malathon 
may be useful for the control of certain pests of agri- 
cultural crops. Experimental work included spider 
mites on apple, pear, peach, prune, apricot, grape, 
walnuts, sugar beets, beans, cotton, and ornamentals; 
aphids on apple, cherry, pear, plum, broccoli, 
peas, peppers, potatoes, tomatoes, turnips, cotton, 
hops, wheat, and ornamentals; Mexican bean beetle; 
pear psylla. However, this work is still in the experi- 
mental stage and reference to it is not to be con- 
strued as a recommendation or justification for any 
of the uses indicated. 

Toxicity To AntmALs.—The toxicity to animals 
of purified malathon and of the technical of various 
grades and formulations has been investigated dur- 
ing 1950 and 1951. Animals appear to tolerate rela- 
tively large amounts of malathon regardless of the 
type of exposure. The acute oral LD,o, for malathon 
90% technical are as follows: In propylene glycol— 
albino rats 1156 mg./kg.; in corn oil—albino rats 
479 mg./kg.; in corn oil-albino mice 885 mg./kg. 
Very large doses of malathon 90% technical (2460- 
6150 mg. kg.) are required to produce toxicity follow- 
ing single dermal applications to rabbits. Four or 
more daily dermal applications at doses approxi- 
mating 1230 mg./kg. of malathon 90% technical are 
required to produce initial mortality in guinea pigs. 
Albino rats which have been receiving malathon 
90% technical in basic laboratory diet at levels of 
100, 1000, and 5000 ppm. have shown a steady 
weight gain and food consumption. The animals 
receiving 5000 ppm. have not gained as rapidly as 
the others, but are within normal limits. The prin- 
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cipal pharmacological action from malathon appears 
to be cholinesterase inhibition. Evidence available, 
to date, indicates that recovery from toxic doses is 
rapid, Atropine is antidotal. 

ANALYTICAL Metuops.—Analytical methods are 
available for the determination of malathon in the 
technical grade and in formulations containing it. 
A sensitive analytical method is also available for 
determination of residues of malathon on fruits and 
vegetables. Copies of these methods may be ob- 
tained from the Agricultural Division, American 
Cyanamid Company, 30 Rockefeller Plaza, New 
York 20, N. Y. 


Chloranil, a coined name for the fungicidal chemical 
tetrachloro-para-benzoquinone 
The name “chloranil” was approved by the In- 
terdepartmental Committee on Pest Control on 
December 5, 1951, for the pure chemical tetrachloro- 





A Brier History or Entomo.iocy, by Herbert 
Osborn. 1952. The Spahr & Glenn Co., Columbus, 
Ohio. 1952. 6 by 9 inches, 303 pages, 58 plates. 
$4.50 postpaid. 

This book supplements Dr. Osborn’s “Frag- 
ments of Entomological History” the two volumes 
of which were published in 1987 and 1946 but does 
not in any sense replace them. The introduction 
outlines the origin of the science; succeeding sections 
deal with the origin of the science of entomology in 
its various ramifications—taxonomy, the economic 
phases of the study, the productive phases of the 
science as apiculture and sericulture and medical 
entomology, followed by discussions of the place of 
insects in a variety of other phases of their impor- 
tance to man. 

The gradual building up of the accumulated 
knowledge of insects into the Science of Entomology 
is treated in a fashion to interest the layman as well 
as the entomologist and a chapter is devoted to dis- 
cussions of various aspects of modern development 
of the subject into the highly complicated profession 
it has become, 

Perhaps more interesting to the reader, certainly 
so to the reviewer, is the introduction given to the 
entomologists of the past and the present. In this, 
many of those mentioned are associated with the 
phases of entomology in which they were most ac- 
tively interested and in which their service toen- 
tomology and to mankind was most important. 

The entomology of the world, so far as is practical 
in a work of the scope of the one under considera- 
tion, is such as to broaden the foundation of the 
students now preparing to enter the profession and 
to be, in addition, of great interest to the older mem- 
bers of the group who have not had opportunity to 
learn the facts in such a way as to impress himself 
with their collective importance. 
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para-benzoquinone. Approval of this name was re- 
quested by Dr. Dwight Powell, Chairman of the 
Committee on Fungicide Nomenclature, University 
of Illinois, Urbana. The name has actually been in 
use for a number of years and has appeared in text 
books. Approval of the name “chloranil” by the 
Interdepartmental Committee on Pest Control 
renders the name available for free use in designating 
the pure chemical tetrachloro-para-benzoquinone. 

M. L. Hauer, Chairman 

Bureau of Entomology and Plant Quarantine 

Department of Agriculture 

Washington 25, D. C. 

S. W. Simmons, Secretary 

Technica] Development Branch 

Communicable Disease Center 

U.S. Public Health Service 

P. O. Box 769 

Savannah, Georgia 





Taxonomy receives consideration and serves to 
introduce most of the entomologists mentioned inas- 
much as there are relatively few of them who were 
not attracted to the science as a whole through their 
early experience as collectors. 

While the American entomologists are most 
prominent in the work our colleagues from the old 
world and other parts of America are by no means 
neglected. 

The literature of entomology and those responsi- 
ble for it, publication agencies as well as authors, 
if called to our attention. 

If, as the poet says, the proper study of mankind 
is man, it would seem to follow that the proper 
study, or a proper study, of entomologists is ento- 
mologists, Dr. Osborn has contributed more to such 
study than any other man could. He has been a con- 
temporary of practically all living entomologists 
and personally acquainted with most of them. And 
he has been the teacher of practically all of the 
entomologists of America, in the classroom, in the 
field and in other associations where they have been 
able to profit by the contact. He has had the interest 
to keep in touch with them and to continue the 
labor of keeping up to date on them. 

In this book he shares with the rapidly increasing 
group his knowledge and personal memories and has 
supplemented this with reproductions of portraits 
which vastly increase the real and the sentimental 
value of the book to its readers. 

Because of Dr. Osborn’s personal knowledge and 
of his laboriously accumulated collection of por- 
traits his book will always be unique and irreplace- 
able, and we come to realize that the present work is 
not merely a history of entomology but, in a very 
pertinent sense, a history of entomologists. The pro- 
fession owes Dr. Osborn a debt which will never be 
completely acknowledged. 





The Department of Agriculture conferred its Dis- 
tinguished Service Award on Dr. Parker in Wash- 
ington on May 15, 1952. He was one of seven scien- 
tists in the Department to receive this high honor. 
Dr. J. R. Parker of the Division of Cereal & For- 
age Insect Investigations of the Bureau, who has 
been in charge of its grasshopper research program 
with headquarters at Bozeman, Montana, for the 
past 20 years, is now giving full time to the prepara- 
tion of important manuscripts on grasshoppers. Mr. 





Frank T. Cowan, long associated with the grass- 
hopper and Mormon cricket investigations, suc- 
ceeded Dr. Parker on July 1. 

Dr. Parker with his fine background of experience 
in grasshopper research is well fitted for studying, 
analyzing, and summarizing the large amount of 
valuable field data which have been assembled under 
his direction. In addition, he will continue as con- 
sultant and advisor in connection with current 
grasshopper research programs. 



















